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Chapter 1. Introduction, Aims 
This document is the final report of the lower Derwent environmental flows 
assessment project. The results represent an initial position on minimum 
environmental flows for the lower Derwent, which can be used for scoping the 
design/potential for abstraction under the initiatives of the State Water Development 
Plan. It also presents results of an initial scoping of environmental high/flood flows 
for the lower Derwent. It then integrates them into a recommendation on an 
environment flow regime incorporating both minimum and high flows for the 
maintenance of key environmental values in the lower Derwent system. 
 
1.1  Structure of this report 
Chapter 1 contains this introduction, project aims, values, flow history of the lower 
Derwent, management context and overall study approach.  
 
Chapter 2 contains a report on riverine geomorphological assessment (D Telfer, 
GECO consulting).  
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Chapter 3 contains a riverine biological assessment, and summary of condition of the 
lower River Derwent.  
 
Chapter 4 contains a report on an estuarine modeling component of the study (Parslow 
et al. CSIRO Marine Research). This section has a substantial body of figures which 
are appended at the end of the chapter (see Table of Contents). 
 
Chapter 5 contains the minimum environmental flow assessment for both the lower 
Derwent (river and upper estuary).  
 
Chapter 6 contains an assessment of flood/high flows for the lower Derwent.  
 
Chapter 7 makes the overall recommendations for an environmental flow regime, as 
well as on the need for further work. 
1.2 Aims 
The overall aims of this project were to: 
1. To define key elements of an environmental flow regime for the lower 
Derwent; 
2. To assess a minimum environmental flow regime for the system; 
3. To scope a high flow/flood flow regime for the system. 
 
A principle aim of environmental flow management adopted for this project is to 
maintain existing environmental values of the river and estuary. This project was not 
tasked to develop an environmental flow regime aimed at restoring the historical 
condition of the river or estuary (eg ‘pre-Hydro’ or ‘pre-European’).  
1.3 Lower Derwent  
The lower Derwent in this report is defined as including the River Derwent 
downstream of Meadowbank dam, and the upper Derwent estuary (Figure 1.1). The 
Derwent estuary can be broadly divided into three sections: 
• the upper estuary, upstream of Dogshear (or Cadbury’s) Point, in which 
estuarine processes are strongly influenced by river flow and wind; and 
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• middle and lower estuary sections, downstream of Dogshear Point, which are 
influenced to a greater degree by tidal and wind processes than river flows. 
 
The environmental flow (EF) assessment has been conducted by initially dividing the 
lower Derwent into two major sections: 
1. The lower River Derwent – the freshwater river between Meadowbank Dam 
and New Norfolk; and 
2. The upper Derwent estuary – the estuary between New Norfolk (in the 
vicinity of the upstream tidal limit) and Bridgewater. 
 
The Derwent estuary downstream of Bridgewater was not included in this study, due 
to: 
• the lack of adequate knowledge and/or integrated physico-chemical and 
biological models of the lower estuary which would allow absolute or 
comparative estimates of relationships between key values and river flows to 
be developed; 
• the fact that assessments of responses of key values to flow conducted in the 
New Norfolk to Bridgewater section of the upper estuary would be broadly 
representative of the entire upper estuary (ie from New Norfolk to Dogshear 
Point). 
 
The lower Derwent is a large river-estuarine system, with a mean annual discharge of 
3.6x109 m3 (3.6 million ML), and has been significantly modified by impacts from 
land clearing, hydro regulation (particularly since the 1950’s), urban development, 
wastewater and industrial discharges. The estuary is a ‘salt-wedge’ type, with river 
flow strongly influencing the internal dynamics of salinity, circulation and 
biogeochemical processes (Davies and Kalish 1994, Parslow et al. 2001). The 
dominant impacts in the study area are: 
• the highly regulated flow regime downstream of a chain of dams and power 
stations, coupled with inter-basin transfers; 
• discharge of a substantial industrial effluent stream into the estuary at Boyer, 
associated with high carbon, nutrient and colour loads; 
• discharge of nutrients from the New Norfolk WWTP into the estuary. 
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Any assessment of environmental responses to changes in flow must take these 
influences into account. 
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Figure 1.1 The lower Derwent showing major tributaries, and the division 
between the lower River Derwent and the upper Derwent estuary 
(shown in dark blue and green, respectively). 
 
 
1.4 Key values of the lower Derwent 
Several categories of ‘water quantity values’ have been identified for the Derwent 
estuary catchment by DPIWE: 
1. Ecosystem values  
2. Physical landscape values  
3. Consumptive or non-consumptive values  
4. Recreational values  
5. Aesthetic landscape values  
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 In this study, the values shown in Table 1.1 were recognized as being strongly to 
moderately influenced by river flows. The values shown in Table 1.1 in bold text were 
directly addressed through survey and/or assessment, or modeling, as described 
below. Those shown in plain text were not specifically or indirectly addressed in this 
study, due to the recognition that these values were a result of complex interactions 
with other influences, among which flow plays only a part. Those in italics were not 
addressed in detail due to limited time and resources.  
 
 
Table 1.1. Key water quantity values in the lower Derwent. 
 
Values River Estuary 
1. Ecosystem 
values  
Aquatic biota – platypus, 
fish and 
macroinvertebrates. 
 
Riparian vegetation. 
Aquatic biota - fish, 
invertebrates, macrophytes, 
macroalgae, phytoplankton, 
microphytobenthos. 
Wetland and water column 
processes (eg nutrient 
processes). 
2. Physical 
landscape values  
River geomorphology - 
sediment characteristics, 
erosion risk, tributary 
rejuvenation. 
Estuary channel and wetland 
morphology, sediment transport, 
erosion. 
3. Consumptive or 
non-consumptive 
values  
Not addressed Not addressed 
4. Recreational 
values  
Water quality 
(bacteriological) 
Water quality (physico-
chemical) 
Water quality (bacteriological) 
 
5. Aesthetic 
landscape values  
Water quality (algal bloom 
risk) 
Water quality (algal bloom 
risk) 
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1.5 Study approach 
An environmental flow (EF) regime is required to maintain key environmental 
features of both the riverine and estuarine sections of the lower Derwent. For this 
project we define an environmental flow regime as including both minimum (or 
‘base’) flows as well as higher and/or flood flow sequences. An EF regime must 
stipulate the magnitude and seasonality of minimum flows, as well as the magnitude, 
duration and timing of any high/flood flow events required for maintaining key values 
 
The minimum EF assessment was conducted using two different approaches, as 
shown in Table 1.2, which were both subject to risk assessment. The high/flood EF 
assessment was an to initial scoping exercise only, conducted by comparing with and 
without Hydro high/flood flow sequences, and qualitatively linking them to riverine 
and estuarine processes. 
 
1.5.1 Use of surrogates 
Surrogates were used to assess relationships with flow for a number of key values, 
and in the assessment of risks associated with different flows. These surrogates 
included: 
• for the river - the use of  habitat- flow relationships to assess risks to instream 
biota of changes in baseflows, instead of direct biological responses to flow 
(for which the knowledge base is very limited). 
• for the upper estuary - salinity and dissolved oxygen distributions, used to 
assess conditions for benthic invertebrates and fish passage; modelled 
responses of aquatic macrophytes (AM), macroalgae (MA), 
microphytobenthos (MPB), and phytoplankton to flow changes. Modelled data 
is to be used as empirical data for many of these components is very limited, 
and flow-relationships could not be developed. 
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Table 1.2. Approaches to defining an environmental flow regime in the 
lower Derwent. 
 
Section Minimum flows High or flood flow 
regime 
 
Lower River Derwent 
 
Habitat-flow relationships 
for key biota/features. 
Relationships between 
geomorphological features 
and minimum flows. 
 
Technique: Habitat-flow 
based risk assessment. 
 
Existing and historical or 
‘no-Hydro’ flood regime 
comparison. 
 
Relationships between 
geomorphological features 
and high flows. 
 
Upper Derwent Estuary 
 
Relationships of key 
hydrodynamic, water 
quality, physico-chemical 
variables, and key 
biological measures to 
discharge. 
 
Technique: MECO and 
biogeochemical box 
modeling. 
 
As for minimum flows, 
using modelled responses 
to high and low flow event 
sequences. 
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1.5.2 River component 
Little is known of the ecological condition of the lower River Derwent, and some 
initial data on instream habitats, biota and geomorphology between Meadowbank and 
New Norfolk was required prior to conducting EF assessments. The assessment 
conducted in the river therefore had two main components: 
• Biological and geomorphological survey to assess current condition. 
• Habitat-flow based minimum EF assessment using the risk assessment 
approach developed by Davies and Humphries (1995), incorporating 
geomorphological and riparian issues. 
 
A broad assessment of riverine geology and geomorphological history, 
geomorphological responses to changes in flow regime and land use, and key 
geomorphological issues associated with flow and riparian management was 
conducted for this project by Telfer (ECO consulting), and is detailed in Chapter 2. 
Resources were insufficient for detailed studies of relationships between rates of key 
geomorphological processes (eg bank erosion, sediment transport, channel change) 
and flows, and specific recommendations for further investigation have been made by 
Telfer and in Chapter 7 of this report. 
 
An initial assessment of riverine biota was conducted for this study, including a 
survey of fish and macroinvertebrate species present, and an assessment of 
longitudinal patterns of macroinvertebrate community composition and their response 
to the current flow regime. 
 
1.5.3 Estuarine component 
A significant body of work has been conducted on a range of aspects of the upper 
estuary, including hydrodynamics (Davies and Kalish 1989, 1994), fish (Davies et al. 
1993, Aquenal 2000), macroinvertebrates (eg Moverley and Garland 1995, Aquenal 
2001), aquatic and wetland plant distributions (Aquenal 2001, Jordan et al. 2001) and 
water quality (eg NSR 2001). Much of the resulting understanding of the upper 
estuary has been ‘captured’ within hydrodynamic and biogeochemical modeling tools 
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developed  over a number of years, mainly to assess water quality issues associated 
with the Boyer mill combined effluent stream, or CES (Parslow et al. 2001).   
 
This project therefore relied on the use of this modeling expertise and existing 
knowledge to make assessments of the responses of key estuarine environmental 
variables to river flow. No new data was collected for the estuarine component, 
although existing raw data was re-analysed for establishing conditions for model runs. 
 
The models were: 
• a hydrodynamic model (MECO) to provide simulations of transport and 
dispersal in the estuary; 
• a transport box model to estimate mass transfer and physico-chemical 
processes within the estuary; 
• a biogeochemical box model for the ecological modelling of other 
constituents, developed for the Norske Skog ERA (Parslow et al. 2001). 
 
The biogeochemical model represents the cycling of nitrogen, phosphorus and carbon 
through both pelagic and benthic ecosystems. The Port Phillip Bay Study showed 
convincingly that, in shallow coastal embayments and estuaries, representation of 
both pelagic and benthic systems, and the coupling between them, is critical to 
understanding and predicting the response to nutrient loads (Murray and Parslow, 
1997).  
 
The ecological model has three modules: water column, sediment, and epibenthos. 
The water column module describes a simple planktonic food web. The model 
currently includes two phytoplankton functional groups: small phytoflagellates and 
large bloom-forming phytoplankton with nominal cell diameters of 5 μm and 20 μm 
respectively. There are in turn two size classes of zooplankton which graze 
respectively on small and large phytoplankton. The model represents a range of forms 
of nonliving particulate and dissolved organic matter, as well as inorganic nutrient 
species, dissolved inorganic carbon (DIC) and dissolved oxygen. 
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The sediment module represents the breakdown of particulate and dissolved organic 
matter through microbial and detritivoral activity which consumes oxygen and 
releases dissolved inorganic carbon and inorganic nutrients. The module includes the 
processes of nitrification and denitrification, which have been shown to play a pivotal 
role in nitrogen cycling in coastal systems (Harris et al. 1996). The module also 
includes benthic microalgae, which have now been shown to make a major 
contribution to primary production in many coastal systems. 
 
The epibenthic module represents two functional classes of attached macrophytes: 
macroalgae, which take up nutrients from the water column, and seagrass, which take 
up nutrients from the sediment pore water.  
 
Several conditions were fixed for each run, namely: 
• Wind – representative wind runs for the seasonal periods November-
December and March-April; 
• Particulate, carbon and nutrient loads from upstream – estimated from Norske 
Skog water quality monitoring results and regression analysis; 
• Downstream boundary conditions – iterated using an internal algorithm; 
• New Norfolk WWTP inputs – based on limited available monitoring data for 
nutrients; 
• Boyer Mill CES inputs – fixed as the representative CES composition and load 
used for the Norske Skog ERA studies. 
 
Several flow scenarios of the upper Derwent estuary MECO model were run as 
follows: 
1. 100 cumec (winter-spring median) flows, followed by 6 months of Mar-April 
wind and load conditions; or 
2. as above, followed by 6 months of Nov-Dec load wind and load conditions. 
 
For each of the scenarios, four flows were run without variation over the 6 month 
period – 10, 50, 100 and 200 cumec. Results from the MECO modelling were fed 
sequentially into the transport and  ecological box models of the estuary to provide a 
range of time-dependent outputs including estimates of algal and seagrass biomass, as 
well as water quality conditions within the estuary. 
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 No geomorphological assessment of the upper estuary has been conducted as part of 
this study and there is  no  information available on this key area. There is also no 
facility for modeling Derwent estuary sediment dynamics or transport, and the 
influence of river flows and sediment loads on estuarine sedimentary and 
geomorphological processes cannot be evaluated at this stage. This key area is a 
significant gap in this EF assessment. It was recommended as a priority to DPIWE, 
but resources were not made available to conduct the necessary work. 
Recommendations for further work in this area are made in Chapter 7. 
 
1.5.4 Integration of results 
An attempt was made to integrate all study components under the one environmental 
flow regime, within the constraints of time and resources available. The overall 
minimum EF regime was defined using a risk assessment approach (Chapter 5), while 
high/flood EF’s were broadly scoped by comparing (Chapter 6). The final regime, 
based on minimal or no risk to the existing values of the lower Derwent, was 
developed by assessing the suitability of flows derived in the riverine section for the 
values identified in the upper estuary.  
 
1.6 Flow regime of the lower Derwent 
The lower Derwent is characterised by a highly modified flow regime due to the 
influence of Hydro storages and power stations usptream in the Derwent catchment, 
and particularly of the Meadowbank dam and power station. Davies and Kalish (1994) 
initially described aspects of this flow regime and its direct impact on hydrodynamics 
and water quality of the upper Derwent estuary.  
 
Figure 1.1 shows the flow record at New Norfolk for the period 1974 to present. 
Figure 1.2 shows an illustrative section of the flow record downstream of 
Meadowbank dam under historical ‘with Hydro’, and modeled ‘no Hydro’ conditions 
(data provided by Hydro Tasmania). A key feature of this regime is the lack of low 
minimum flows (< 20 cumec) resulting in a net increase in baseflows during summer-
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autumn, as well as the highly predictable, cyclic seasonal pattern and the truncated 
flood series. 
 
Davies and Kalish (1994) noted a loss of floods of > ca 150 cumec size as a result of 
Hydro regulation. There has also been a reduction in frequency of > 500 cumec floods 
from around 1 per 6 months (2.1/year) with no Hydro to 1 per 3.3 years (0.3/year) 
with Hydro. There are strong medium to long term climatic influences which also 
interact with the effects of flow regulation to further reduce flood magnitudes and 
frequency (see Davies and Kalish 1994). The change in overall pattern in flow 
frequencies is shown in Figure 1.3. 
 
Reduction in flood frequency and intensity has occurred largely due to the combined 
effects of  flow regulation through the Meadowbank power station (which typically 
operates in the range 30 – 180 cumec), and attenuation of flood peaks through the 
series of storages upstream of Meadowbank dam. These changes have resulted in 
significant changes in river geomorphology (Chapter 2) and in conditions within the 
estuary (Chapters 4 and 6). 
 
The flow regime is also characterised by very high variation on an hourly basis. 
Figure 1.4 shows the flow record for the period September to December 2001 
reported as both mean daily flows and at 2 hourly intervals. Very large flow 
fluctuations within a day are typical of the flow regime throughout its record since the 
Meadowbank power station commenced operating. These within-daily flow 
fluctuations have significant implications for both instream biota and bank stability 
(see Chapters 2 and 3). 
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Figure 1.2. Mean daily flow record for 1974-2001 for the lower River 
Derwent at New Norfolk (data courtesy Hydro Tasmania and 
DPIWE). Note artificially smoothed seasonal cycles, short 
truncated floodpeaks and absence of low flows (< ca 20 cumec). 
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Figure 1.3. Flow record downstream of Meadowbank Dam, River 
Derwent, during the 10 years from 1986 with and without Hydro 
(the former modeled data provided by Hydro Tasmania, the latter 
being historical data). Note the higher baseflows, loss of flood 
peaks in the historical vs no Hydro scenario. 
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Figure 1.4. Flow exceedance curves, River Derwent at Meadowbank Dam 
(mean daily flows), illustrating changes associated with Hydro 
regulation. 
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B 
Figure 1.5. Discharge in lower River Derwent downstream of 
Meadowbank dam for the period September to December 2001. A 
= mean daily plot, B = flow at 2 hourly intervals. 
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Chapter 2. Fluvial Geomorphological Assessment of 
the Lower Derwent River 
Including a preliminary assessment of the effects of flow 
regulation. 
Damon Telfer 
GECO Stream and Catchment Assessments , 25 Cloverside Road, Lucaston. TAS 7109. 
 
2.1 Introduction 
2.1.1 Study Intent 
The aim of this investigation is to assess the geomorphic character and behaviour of 
the Lower Derwent River system and overview any likely effects of further alterations 
to flow regime, primarily associated with increased water abstraction. 
2.1.2 Approach 
The study has been approached in two parts.  
 
Firstly, an overview of the geomorphology of the Lower Derwent River system is 
provided. There has been little previous work on the geomorphology of the Derwent 
River. Therefore it is the intention of this study to broadly classify the Lower Derwent 
system, describing the evolutionary history of the system and characterising the river 
into zones based on geomorphic character and behaviour. Additionally, the relative 
sensitivity of each zone to change will also be discussed. 
 
Secondly the potential effects of flow regulation on the Lower Derwent are assessed. 
This section involves a review of the known impacts of dams on rivers, as well as 
describing the contemporary effects of regulation on the study area. Although the 
resources available for the study have limited the level of investigation undertaken, 
Section 2.5 attempts to predict potential risks to the river morphology and behaviour 
that may result from further alterations to the flow regime.  
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2.1 3 Limitations to the assessment 
Resource constraints have precluded a thorough investigation of the study area. 
Consequently, the information provided is based primarily on field interpretation of 
geomorphic features and processes and has been limited to the main trunk system.  
 
Additionally, the assessment of morphological and process changes to the system is 
problematic given the limited baseline data available. As such, the issues raised 
concerning the effects of regulation on the system should be considered preliminary 
until such time as the extent and nature of the impacts can be more thoroughly tested 
by longer term sampling and testing. 
 
Resource constraints have also prevented an investigation of the relationship between 
tributary systems and the river, and the river and its estuary.  
 
2.2 Geomorphic Assessment  
2.2.1 General description of the Lower Derwent River study area 
The Derwent River, rising in the headwaters of Lake St. Clair at an elevation of 
approximately 1100m, flows in a generally south-east direction before entering Storm 
Bay through its flooded lower valley. Although a geomorphic assessment of any part 
of the river needs to be interpreted in the context of the broader river system and its 
catchment, the area of interest for this study lies between Meadowbank Dam 
(approximately 107km upstream of the river mouth) and New Norfolk, an 
approximate distance of 48.5km (Figure 2.1). Although the estuary is generally agreed 
to commence in the vicinity of New Norfolk, tidal influences extend upstream at least 
to the small township of Lawitta. A fall in elevation of approximately 55m occurs 
over the 45km of river included within the study area. 
The majority of the catchment (total area: 6925km2) is located above the study area. 
However, the Tyenna River, Styx River, Allenvale Rivulet, and Plenty River are 
major tributaries that enter the Derwent below Meadowbank Dam.  
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Figure 2.1 Lower Derwent River Study Area 
 
Although to date little has been written on the geomorphology of the Derwent River 
system, the geology of the study area has received some attention. The lower Derwent 
River is contained within a down faulted trough or graben, believed to have been 
initiated during an early Tertiary epeirogenic period. Permian mud and siltstones and 
triassic sandstones underlie much of the valley, with intrusive Jurassic dolerite and 
tertiary basalts and lake sediments also occurring. Dolerite hills like Mt Spode, Mt 
Belmont, and Moogara Plateau border the valley at an elevation of 450-550m, while 
smaller hills of Triassic sandstone or tertiary basalt rise to 150-200m (Anand Alwar, 
1960). 
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Figure 2.2 Geology of the Lower Derwent River Study Area 
 
 
The natural vegetation of the study area has been highly modified by land use 
practices and much of the original vegetation has been replaced by a suite of exotic 
species including crack willow, gorse, blackberry, and introduced pasture grasses. 
Where floodplain development is limited by outcropping bedrock some remnants of 
the original vegetation remain. Eucalyptus species, Acacia species, dogwood, and tea-
tree are common in less disturbed areas. 
 
The Derwent River is subject to regulation by a large number of storages (of which 
Meadowbank is the most downstream). Consequently the river’s hydrology has been 
highly modified.  
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2.2.2 Evolutionary history of the Lower Derwent River 
A history of the evolution of the Lower Derwent River is useful for assisting in the 
interpretation of present day geomorphic features. Although the present day condition 
of the Derwent valley is significantly affected by relatively recent land use and river 
management practices, the broader form of the river and the processes that have 
shaped the river’s development are the direct result of its evolutionary past. However, 
it is not intended here to give a complete overview of what is known of the evolution 
of the Tasmanian landscape over time. Rather, this section seeks to discuss underlying 
evolutionary factors as a precursor to explaining the differences that are apparent in 
the river’s present day form, and that may contribute to the responses of the system to 
contemporary river and land management practices. 
 
Two periods of epeirogeny have significantly effected the development of the present 
day Derwent valley. Firstly, widespread block faulting of the Triassic sandstone 
sheets and underlying Permian metamorphics during the Jurassic period (190-136 
million years before present) led to the subsequent intrusion of erosion resistant 
dolerite into the landscape. Secondly, graben faulting in the early tertiary (65-2.5 
m.y.b.p) resulted in the creation of the Derwent graben which, combined with the 
resistant dolerite, has to a large extent controlled the Derwent drainage system since 
that time (Anand Alwar, 1960, Fish and Yaxley, 1966). 
 
However, despite the Derwent River being confined within the graben, its form and 
position within the valley have been quite variable. The Derwent graben was complex 
with an uneven surface and as a result numerous lakes formed along its length, 
separated by rapids and cascades (Fish and Yaxley, 1966). Of these ancestral lakes 
Lake Glenora, which covered an area from Meadowbank Road north of the Tyenna 
River to Plenty, is best known (see shaded area on Figure 2.2).  
 
Since the early Tertiary period the river has undergone several changes of course as a 
result of basalt flows. At times the basalt partially filled Lake Glenora, and an 
alternating sequence of riverine gravel/cobble beds beneath and overlying lake 
sediments in the vicinity of the Tyenna River mouth suggest that the lake’s extent 
fluctuated as the drainage system coped with dislocation resulting from the basalt 
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flows. At least seven basalt flows have been suggested by Anand Alwar (1960), and 
the extensive basalt fields to the north of the present day Derwent indicate its 
ancestral course (see Figure 2.2). 
 
To a large extent the basalt flows forced the Derwent to flow as a lateral stream as the 
Triassic sandstone was more easily eroded than the basalt. However, in the area 
around Glenora (south of Clarendon Hill) the river was forced to cut through the 
basalt due to the pinching effect of the more erosion resistant dolerite on the valley 
margins (Fish and Yaxley, 1966). The basalt in several reaches in this vicinity still 
exerts significant control on the river’s form. However, approximately 2 kilometres 
upstream of the Plenty River confluence the river has eroded through the basalt floor. 
Small outcrops of basalt are all that are left as evidence of the old river course 
downstream of this point. 
 
Throughout the late Tertiary and early Quaternary periods erosion of the landscape 
continued. The beginning of the quaternary was marked by falling temperatures, and 
over the past 730,000 years several periods of glaciation have occurred. Depending 
upon climatic regime (glacial or interglacial), sea levels fluctuated by as much as 120 
metres below present level (Collins, 1990). During glacial periods, sediment supply 
increased as periglacial processes in the highlands made more material available and 
deposition occurred in lowland areas. During interglacial periods vegetation stabilised 
slopes and sediment supply was reduced and erosion of lowland deposits occurred. In 
the lower Derwent valley, the alternating periods of deposition and incision 
(combined with the control exerted by the underlying geological structure including 
faults, and resistant rocks such as basalt and dolerite), have left a landscape 
characterised by numerous elevated terraces. Lower terraces may also have been the 
result of reductions in base level associated with climatic change and sea level 
fluctuations (Fish and Yaxley, 1966). These terraces are a feature of many reaches of 
the Lower Derwent study area and have varying degrees of resistance to both fluvial 
and mass movement erosional processes. 
 
Glacial influences are generally agreed to have ended by 12,000 years ago, and with 
climatic amelioration a period of high sediment supply ceased and incision has again 
commenced (Wasson, 1977). The finer sediments that are found in floodplain deposits 
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along the lower Derwent (compared to the bedded gravel and cobble seams evident in 
early quaternary deposits) are generally a function of this new regime and are 
therefore of Holocene origin.  
2.2.3 Geomorphic characterisation  
The river’s response to natural events such as flooding and to anthropogenic effects 
such as land use and river management practices is dependent upon the underlying 
geomorphic factors that control the river’s character and behaviour. These factors 
include the underlying geologic structure; channel gradient1; the valley width and 
degree of floodplain development; the presence and composition of terraces; the 
degree and type of bedrock intrusion into the channel; the channel morphology and 
features (including riffle/rapid substrate and form, and deposition features such as 
bars); dominant erosional processes; and riparian vegetation associations. As these 
factors vary along the river’s length so too does the character and behaviour of the 
river. It follows also that the response of the river to both natural events and to 
management decisions will vary. For this reason, characterising the river into 
relatively homogenous zones can assist in predicting the river’s response to changes 
in management practices including river flow management. 
 
Based on the parameters outlined above, the lower Derwent river study area has been 
divided into 9 geomorphic zones. It is important to remember that natural systems 
display a great deal of diversity and that variations may occur at a reach or at a site-
specific scale within the zones. Further whilst it is relatively straightforward to define 
zones, the boundary between zones is not always clear-cut. The distribution of the 
identified zones is shown in Figure 2.3. 
Zone 1 Confined sandstone 
Zone 1 occurs directly below Meadowbank Dam and extends downstream for 
approximately 1.8 kilometres. No major tributaries enter the river within this zone and 
therefore the hydrology is determined by flows through the Meadowbank storage.  
 
                                                 
1  Channel gradient was not used to delineate zones, as slope was generally too low to 
show any meaningful changes in river processes over the length of the study area. 
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The river here is entrenched within Triassic sandstone, forming a narrow steep-sided 
V-shaped valley. In this zone the river is predominantly flanked on both sides by 
sandstone bedrock and thus is inherently stable and highly resistant to geomorphic 
change. However, some small floodplain pockets do occur, particularly where small 
gullies or tributaries enter the trunk system. After the construction of the 
Meadowbank Dam, several rapids were removed from the upstream end of the river to 
facilitate flow and to assist the operation of the hydro power station (J. Downey, 
“Glenelg”, pers. comm.). Most of Zone 1 now resembles a long pool.  
 
The riparian vegetation is predominately natives with Eucalyptus spp. the dominant 
canopy species and a mixed understorey of acacias, tea tree, and assorted 
macrophytes. Willows have colonised the water’s edge at the zone’s downstream 
extent where small alluvial benches and side bars occur. The benches and bars 
generally consist of gravels to cobble sized materials but are often draped with fine 
sand/silts and have been colonised by macrophytes. 
 
 
 
Figure 2.3 Geomorphic zones of the Lower Derwent River Study Area 
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 Zone 2 Partly confined sandstone 
Below Zone 1, the valley widens and small floodplains begin to develop along the 
river’s margins. The floodplains are generally discontinuous but overlapping in some 
reaches, and often have floodchutes and back channels. The bed is controlled by 
shallow flat-bedded sandstone rapids. Some sandstone bars also occur along the 
channel margins, although gravel/cobble bars are also present, often on the inside of 
bends below rapids. A cobble/small boulder riffle marks the downstream boundary of 
this zone. Several of the cobble bars show slight imbrication and are partially 
armoured, and no evidence was observed to suggest recent deposition or erosion of 
the bar features (ie. many of the bars were algae encrusted and colonising vegetation 
appeared to have clear root zones). 
  
The hydrology of this zone is similar to Zone 1 in that no significant tributaries enter 
the trunk system, so flows are dependent on releases through Meadowbank except 
when flows are high enough to exceed the storage’s capacity. 
 
The banks are a mix of low alluvial floodplains bounded by higher terrace features, of 
quaternary (lower) and tertiary (higher) origin, and bedrock (sandstone) where the 
channel runs against the valley margins. Alluvial banks are often composed of sandy 
loams and some bank slumping was evident, possibly caused by subsurface drainage 
and associated with vegetation clearance and stock damage. 
 
Tea tree and willows are dominant stream bank species, with the most intact 
vegetation communities associated with bedrock areas where floodplain development 
is limited and land use has been restricted. Large woody debris loads are currently low 
but would most probably have been high historically. 
Zone 3 Planform controlled lake sediments and terraces 
Zone 3 commences approximately 9.3 km below the dam wall and about 1.6km 
upstream of the Tyenna River confluence, continuing for 7km until north-east of 
Clarendon Hill. Tyenna River is a major contributing system and so this zone is 
hydrologically different to upstream Zones. 
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 The river here runs through a wider valley with a greater level of floodplain 
development. Although the channel is controlled by sandstone outcropping at its 
upstream extent and basalt towards the downstream end, this zone is characteristically 
flanked by low floodplains and terraces for most of its length. The floodplains are 
often overlapping, display marked back sloping levee features, and have floodchutes 
occurring against the base of adjacent terrace features. The terraces are of quaternary 
and tertiary origin, with tertiary units containing lake sediments or thickly bedded 
coarse gravel/cobble seams, and quaternary units composed of less weathered 
cobble/gravel lobes and finer sediment matrices. 
 
Bed forms include cobble/small boulder rapids and riffles, and long, moderately deep 
pools. As the riffles and rapids are composed of bed load they are less geomorphically 
stable than upstream sandstone rapids. 
 
The alluvial banks in this zone are susceptible to erosion processes particularly when 
disturbed through vegetation clearance or grazing pressure. Additionally, drawdown 
effects resulting in slumping (related to fluctuating flow levels) are more likely to be 
active in this zone, although the extensive colonisation of lower banks by willows 
appears to have somewhat mitigated these processes. Mass movement including 
slumping and small landslips were commonly observed erosional processes affecting 
terraces. 
 
The vegetation in this zone is highly modified. As already mentioned, willows are 
very prominent throughout this zone, thickly colonising the lower banks of most 
alluvial surfaces. Again, large woody debris loads are low but would most probably 
have been high before riparian clearance removed the source. 
Zone 4 Confined basalt 
This zone occurs three times within the study area (see Figure 2.3) and is associated 
with underlying basalt geology with some dolerite outcropping at the upstream 
occurrence. Basalt generally occurs throughout the area that was once the old valley 
floor and river course, including much of the area that was occupied by the ancestral 
Lake Glenora. The basalt is highly resistant to erosion and therefore the river is 
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confined to a relatively narrow valley. As explained earlier, the river in this section 
has been forced to cut through the basalt due to the pinching effect of the dolerite. 
Basalt outcropping is common in the bed within this zone, either as islands, rapids, 
and/or individual outcrops. This indicates that at an earlier time the valley was lower 
and the river has yet to cut through to this level. It is likely that lake sediments 
underlie the basalt, as can be seen below the basalt cap opposite Norton Neck in Zone 
3 (see Figure 2.1 for location). Small floodplain pockets, consolidated and slightly 
imbricated cobble bars, and armoured and cemented cobble riffles also occur in this 
zone.  
 
This zone is hydrologically similar to Zone 3 with the exception of its downstream 
occurrence which also receives flow from the Styx River. 
 
It would be expected that due to the level of channel confinement, this zone would 
relatively quickly throughput sediment under natural flow regimes. Although this 
zone can be considered relatively stable geomorphically (due to the degree of basalt 
intrusion into the channel), some active bank erosion is evident in the upstream 
reaches. Where erosion is occurring, the banks have a scoured appearance, with upper 
banks near vertical and prominent lower ledges. The ledges are composed of a more 
cohesive and erosion resistant material and are therefore considered to be erosional 
features rather than depositional benches. In some cases, recent drapes of sandy 
material overly the lower banks. 
 
Vegetation is less impacted than in other zones as landuse development has been 
limited. Again Eucalyptus species are the dominant canopy species, with acacias, 
dogwood, and tea tree dominant understorey species. Willows, gorse, and blackberry 
occur sporadically along lower and middle bank areas but are less prolific than in 
alluvial reaches. Large woody debris loads are higher in this zone, due to the 
relatively higher local sources. 
Zone 5 Partly confined sandstone and quaternary terraces 
Zone 5 commences at the confluence of the Allenvale Rivulet (~ 19.8km below the 
dam wall) and continues for approximately 3.7km downstream. As Allenvale Rivulet 
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is a fairly dry system this zone can be considered to be fairly similar hydrologically to 
upstream reaches. 
 
It has been suggested that this part of the river could be an incised meander, inferring 
that the river has cut through softer overlying sediments into the underlying structure. 
This theory is supported by the presence of planed sandstone bedrock in both the bed 
and lower left bank at a level lower than is present at the upstream commencement of 
the zone (and which can not be explained by dipping in the sandstone structure). 
Sandstone outcropping in the bed is prominent with most riffles and rapids being at 
least partly controlled by bedrock, and some, such as on the apex of the bend, being 
entirely controlled by bedrock slabs. Bedrock ledges also extend into the channel 
along much of the left bank. On the inside of the bend and right bank, the channel is 
bounded by stepped quaternary alluvium terraces with some less prominent bedrock 
outcrops. Long runs and pools separated by shallow cobble/bedrock rapids are 
characteristic.  
 
The level of bedrock control on the channel in this zone means that it is likely to be 
relatively stable. 
 
The vegetation of this zone is again highly modified. Sporadic acacias and eucalypts 
occur but most of the banks are colonised by willows, hawthorn, and gorse. 
Phragmites is common is slack water areas within the channel. Large woody debris 
loadings are low.  
Zone 6 Partly confined dolerite and quaternary terraces 
Zone 6 occurs twice within the study area, firstly around and downstream of the Styx 
River confluence and then similarly in the vicinity of the Plenty River confluence. 
There is variation in the hydrology within this zone due to the influence of flow from 
the Styx and Plenty Rivers. Both the Styx and Plenty are major tributaries and are 
likely to have a dampening affect on flow variations caused by sporadic releases 
through Meadowbank.  
 
The river in this zone predominantly runs through quaternary terraces bounded by 
dolerite (and sandstone and a small pocket of Basalt near the plenty), although some 
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reaches are bounded by high tertiary terraces. There are some large dolerite outcrops 
at the downstream end of the first occurrence of this zone. The terraces are susceptible 
to erosion and there are some signs of active slumping. Low floodplains are common 
and show signs of minor slumping in some reaches, most likely associated with land 
management practices and also potentially with variation in river flow level 
(drawdown). Some small backwaters occur at the downstream end of low floodplains 
often where flood channels re-enter the river. Large pools separated by fairly regularly 
spaced riffles characterise this zone. Riffles are mostly composed of cobble/gravel 
sized sediments, which appear less consolidated than upstream reaches and would 
probably be mobile during larger floods. 
 
Compared to most upstream reaches, this zone is highly alluvial and is probably a 
source of sediment for the river. This zone is the most geomorphically active within 
the study area and is probably the most susceptible to impacts from both flow 
regulation and land management practices. 
 
Again the vegetation is highly modified and willows have invaded most alluvial 
banks. Willows appear to thrive on lower banks as they are tolerant of fluctuations in 
water level. Where bedrock occurs, small remnant pockets of tea tree remain. Large 
woody debris loads are generally low, although more was observed in the vicinity and 
upstream of the Styx confluence. However a full assessment was not made and some 
LWD may be present in the deep pools that occur in several reaches. 
Zone 7 Sandstone confined with basalt bed control  
This zone is found in two localities: firstly downstream of the prominent basalt island 
at the end of Zone 6 and almost to the confluence of the Plenty River, and secondly 
for a short reach in the vicinity of Hayes. Sandstone is again the dominant geology 
controlling the character of the river in this zone, although there are outcrops of both 
dolerite and basalt in downstream reaches and quaternary terraces also occur along the 
right bank.  However, for the most part the channel is relatively confined within a 
narrow valley with only small floodplain pockets occurring.  
 
Hydrologically, the two examples of this zone are different as one occurs above the 
Plenty River confluence and one below. 
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 The river here is characterised by flat-bedded sandstone rapids (the first major one 
being directly below the basalt island which marks the downstream extent of the first 
occurrence of Zone 6) although some basalt and cobble/gravel controls also exist. 
Often the sandstone rapids control sediment transport, damming cobbles upstream. 
Sandstone ledges are also a common feature, jutting out into the channel, as are small 
vegetated mid-channel basalt outcrops. 
 
Although some small floodplain surfaces do occur, this zone is far less alluvial than 
Zone 6 and the level of bedrock control of the river channel means that this zone is 
more geomorphically stable. 
 
Riverbanks are again dominated by willows particularly along the water line. 
Remnant populations of native species including tea tree and dogwood occur on the 
small rock islands and cumbungi and phragmites emerge along the water’s edge in 
slower flowing areas.  
Zone 8 Alluvial river with quaternary terraces 
This part of the river is characterised by quaternary alluvium on both sides of the 
channel. Low floodplains probably of holocene origin (<10000 years ago) occur on 
inside bends, but the channel is bounded by higher terraces at some points. Where 
exposed, the terraces show seams of coarser gravel and cobble deposits overlain by 
finer silts and sands. The coarser seams are probably of glacial origin and indicative 
of a time when sea levels were lower and greater quantities of sediment were being 
sourced and transported. 
 
Zone 8 is a relatively low energy zone due to its low gradient and its proximity to the 
tidal limit. A few cobble/gravel riffles separate what would otherwise be a long pool. 
Some of the tributaries have mouth bars (most notably Johnny’s Creek) which, over 
the period of aerial photography surveyed, have been progressively colonised by 
willows. Over most of the river native vegetation is much reduced, with willows again 
very prominent. Large woody debris is sparse. 
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Zone 9 Tidal pool 
This zone is part of the tidal pool and as such its hydrology is affected by tidal 
influences. It is a low energy environment characterised by a single long pool with no 
riffles or rapids. The channel runs against the valley margin on the right bank which is 
composed of Permian mud and siltstone. Extensive low floodplains occur on left 
bank. 
 
Due to its low energy nature, this part of the river is most likely a depositional area for 
sediments transported from upstream reaches. 
 
Riparian vegetation is in moderately good condition on the right bank with relatively 
high diversity, but is impacted as a result of intensive land use (cultivation for hops) 
on the left bank. 
 
Summary of Important Factors related to Zones 
Table 2.1 provides a summary of the major characteristics and relative susceptibility 
to change of each identified zone. 
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Table 2.1  Major characteristics and susceptibility to change of 
geomorphic zones 
 
Zone Major characteristics Susceptibility to Change* 
1 Bedrock controlled (sandstone). Low 
2 Sandstone bed controls with some cobble riffles and 
bars. 
Some alluvial banks and narrow floodplains 
bounded by quaternary terraces. 
Moderate:  
Some slumping on 
alluvial banks 
3 Partially confined valley with alternating alluvial 
units and bedrock outcropping. 
Narrow floodplains bounded by extensive 
quaternary and tertiary terraces.  
Includes Tyenna River confluence. 
Moderate:  
In alluvial sections. 
4 Basalt bed controls with some cobble riffles 
Basalt outcropping in banks 
Limited floodplain development 
Low 
5 Sandstone outcrops in left bank, bed controls, and 
ledges. 
Quaternary terraces on right bank. 
Low 
6 Predominantly alluvial, greater floodplain 
development. 
Cobble riffles. 
Includes Styx River and Plenty River confluences 
High: 
Some slumping 
evident. 
Highly disturbed 
vegetation and 
extensive willow 
encroachment. 
7 Predominantly sandstone confined valley, but with 
dolerite and basalt outcrops. 
Extensive sandstone bed controls and ledges but 
some small floodplain units. 
Low 
8 Relatively low energy but alluvial so susceptible to 
change. 
Small cobble/gravel riffles. 
Some tributary mouth bars colonised by willows. 
Moderate: 
9 Tidal pool and low energy environment. 
Extensive floodplain development on left bank, 
narrow floodplain on right bank bounded by 
Permian mud/silt stone. 
Low 
*  Comparative between other zones assessed. 
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2.3 Effects of flow regulation on the Lower Derwent  
This section discusses the potential effects of further future modifications to flow 
regime on the Lower Derwent River system. It deals primarily with the physical 
changes that could be expected. However, where supporting evidence is available in 
the literature, potential ecological issues that may be influenced by geomorphic 
change are identified. Although identified, potential ecological issues are not further 
investigated as a part of this report.  
 
Existing information on the geomorphology of the Lower Derwent, particularly 
baseline data, is limited. As a result the approach that has been adopted is to review 
the potential effects of regulation and abstraction on river systems in general and then 
to discuss the likely impacts on the Lower Derwent system specifically. The limited 
resources available for the study have meant that not all potential effects could be 
adequately investigated. The field component of the study has provided some 
evidence of system responses to regulation and these are used as the basis for 
predicting the likely effects of further modifications to flow regime. A list of issues 
that require further investigation is provided at the end of this Report. 
 
2.3.1 Review of potential effects 
There are many documented examples of the effects of dams and regulation on rivers. 
The construction of dams on rivers disrupts the pre-existing balance between the 
hydrological regime, sediment load, and channel morphology (Germanoski and Ritter 
1988). As a consequence, riverine systems respond to changes in this balance by 
altering their shape, form, or processes. These responses are often complex as they 
involve interactions between dependant variables including river slope, depth, width, 
planform, and roughness (Langbien in Koehnken et al. 2001).  
 
Petts (1979) describes three orders of impact on rivers as a result of regulation. First 
order impacts are changes to the magnitude and frequency of sediment and water flow 
through the system. Second order impacts which follow include changes in river 
morphology, while third order impacts involve responses of the ecology to first and 
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second order impacts. These three orders of impact form the basis of the discussion 
into the potential effects of regulation on the Lower Derwent River. 
 
2.3.1.1 First Order Impacts - Sediment and Flow 
As mentioned earlier in this study, the lower Derwent flow regime has been highly 
modified by regulation. Flow in the Derwent is now characterised by artificially 
smoothed seasonal cycles, higher base flows, truncated flood flows, less frequent very 
high flood flows, and an absence of low flows (below 20 cumecs; Figures 1.2, 1.3). 
Figure 1.3 illustrates how that the frequency of large floods (> 500 cumecs) has been 
reduced from 1 per 6 months (2.1/year) to 1 per 3.3 years (0.3/year). 
 
A flow duration plot for pre- and post-dam scenarios (Figure 2.4) shows the greater 
occurrence of flows between 20 and 70 cumecs as compared to modelled natural flow. 
Additionally, a reduction in frequency of flows greater than 150 cumecs from 33% to 
17%, and of flows greater than 200 cumecs from 20% to 5%, is implied (plots 
provided courtesy of Hydro Tasmania). The median (50%) duration flow is only 
marginally higher under the post-dam regime, however these plots are based on mean 
daily flow data. A plot of mean daily discharge measured at 2 hourly intervals (Figure 
1.5) reveals that there is very high flow variation on an intra-daily basis. The effects 
of variations in daily flow levels are likely to be dampened downstream as river flow 
is supplemented by tributary sources, although the extent of dampening has not been 
modelled for this study. 
 
In addition to altering the flow regime, dams also interrupt sediment transport in 
rivers. Sediment trap efficiences (STE) of over 95% have been reported for large 
dams within Australia (Benn and Erskine 1994, Erskine 1996, Koehnken et al. 2001). 
Although the STE of Meadowbank Dam has not been calculated, it is likely to be very 
high (>95%) as it is the last of a series of five impoundments on the Derwent and has 
a very long pondage. 
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Figure 2.4 Flow exceedance curves (data supplied by Hydro Tasmania, 
analysis and graph courtesy P Davies). 
 
 
Whilst it is probable that virtually all bed load is trapped, finer suspended sediments 
are capable of being passed over the spillway and through the valves, particularly 
during higher flow events. With much of the up-river sediments being trapped in the 
Meadowbank pondage, changes in sediment balance are bound to occur, with 
tributaries now becoming the main contemporary source of sediment along with 
reworking of banks and floodplains. 
 
Due to time and resource constraints, an assessment of current rates of sediment 
transport was not undertaken for this study. However, given the changes in flow 
regime and the potential trap efficiency of the Meadowbank storage, it is probable that 
changes in the sediment regime of the Lower Derwent River system have occurred. 
As mentioned previously, the Derwent now experiences truncated flood flows and 
less frequent very high flows, and if regulated flows are now not competent enough to 
entrain bed material, pool infilling and tributary mouth bars may occur (provided 
sediment is available). Further, it is common with many regulated rivers for the 
sediment transport regime to become dominated by suspended and fine sediments 
(Carling 1995), and recent deposition on lower banks and side bars appear to support 
this scenario for the lower Derwent.  
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As the flow regime and sediment load are two primary determinants of river form and 
behaviour, it would be expected that any changes to these parameters would result in 
morphological changes to the system. 
 
2.3.1.2 Second Order Impacts - River Morphology 
Complex responses of river systems to flow regulation include both bed degradation 
and aggradation, channel contraction or expansion, changes in channel planform, 
tributary rejuvenation, bed armouring, and siltation (Petts 1979, Erskine, 1996). A 
number of factors influence if and where these processes occur. 
 
For degradation to occur, regulated flows must be capable of entraining the bed 
material. When regulation results in reduced downstream flood flows then 
degradation may not occur (Erskine 1996). Channels are stable following upstream 
impoundment when regulated flows do not exceed the threshold of motion of the bed 
material. Degradation may also be inhibited by the formation of an armour layer. 
Armouring is the phenomenon whereby finer sediments in the river bed become 
protected by a veneer of larger sediments over time, due to the process of winnowing 
of finer particles from the bed surface under conditions of moderated flow. If the 
armouring is disturbed then degradation may proceed rapidly.  
 
Although bed degradation can be a primary cause of bank failure, channel widening 
can also occur as a result of rapidly fluctuating water levels known as drawdown. The 
mechanisms are complex and controlled by a large number of parameters including 
soil properties (eg. cohesion, clay content), test conditions (eg. permeability, 
dispersion, pore water pressure), and hydraulic factors such as shear stress (Koehnken 
et al. 2001).  However, the process generally occurs on susceptible alluvial banks 
when a rapid decrease in high water level leaves the river banks saturated and 
unsupported, resulting in mass failures including slumping or piping. 
 
There is a strong relationship between the dominant discharge and channel 
morphology. If the dominant discharge (channel forming) decreases due to flow 
regulation, channel width should decrease providing there is a source of sediment for 
deposition (Benn and Erskine 1994). Examples of evidence for channel contraction 
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include low berms, benches, and bars of sand and mud present discontinuously along 
the side of the channel; young trees and shrubs growing on the low bank and 
macrophytes colonising benches and bars, young soils (Erskine 1994). Berms may be 
preferentially located near local sediment sources such as unregulated tributary 
junctions and formerly eroding banks. 
 
Tributary incising can result from channel degradation and widening, or from 
hydrological desyncronisation of the trunk river and tributaries during high discharge 
(Germanoski and Ritter 1988). Tributaries are affected by flow regulation induced 
disequilibrium of a trunk river because the mainstream river acts as the base level to 
which the tributary streams are adjusted. If flow regulation is significant, the peak 
discharge of the trunk river will be out of phase with the peak discharge of the 
unregulated tributary streams, thus creating conditions were incision can occur. The 
response of tributaries to flow modifications depends on underlying geology and 
sediment characteristics and incision is episodic. The process is also affected by how 
storages are managed. Root armoured knickpoints, subaerially exposed cross-channel 
tree roots, broken off roots and within channel terraces are indicators of tributary 
rejuvenation. When occurring, tributary incision can be a significant source of 
sediment to the river (Germanoski and Ritter 1988; Petts 1979, 1984; Petts and Lewin 
1979).  
 
Finally, over long periods in systems with moderated flows, armouring may occur 
which may inhibit bed mobilisation and flushing of deposited fine sediments. As a 
consequence a natural bed which was periodically reworked by high flows may both 
coarsen and become heavily silted under reduced regulated flows (Sear in Carling 
1995).  
 
2.3.1.3 Ecological Implications 
Flow regulation and the morphological changes that can be induced can have negative 
implications for river ecology. Davies and Kalish (1994) suggest that the reduction in 
intermediate level floods (>150 cumecs) has had a significant effect on estuarine 
water quality, and it is probable that the Lower Derwent River has also been impacted 
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by this effect, although land management practices are also primary causes of water 
quality decline in river systems. 
  
Channel bed materials have a marked influence on the biota of lotic systems (Petts 
1988). As explained previously, in regulated rivers the sediment transport regime 
often becomes characterised by a dominance of suspended and fine sediments. Under 
some circumstances this may lead to the infiltration of fine sediments into the bed 
which can cause particular issues for invertebrate and fish life cycles. The processes 
are complex and are dependant upon such variables as the quantity and calibre of the 
sediment, the transport mechanism (suspended or bedload), local hydraulics, 
dimensions of interstices between framework gravels, scour and fill sequences during 
floods, and the reach morphology (Sear 1993). The timing and extent of infiltration 
may be an issue for some species. Carling (1995) notes that bed mobilisation is 
required to flush out fines deposited in the interstices during low flow periods. 
Without mobilisation only the surface layer can be flushed. As noted previously, over 
long periods in systems with moderated flows, armouring may occur which may 
inhibit bed mobilisation and thus fines will not be flushed. As a consequence a natural 
bed which was periodically reworked by high flows may both coarsen and become 
heavily silted under reduced regulated flows (Sear in Carling 1995). Petts (1988) 
notes that the infiltration and concentration of fine particles into open framework 
gravels can be an issue downstream of tributary sediment sources.  
 
Regulated rivers are often invaded by vegetation because they have a stable substrate 
and because there is an absence of large disruptive floods. Additionally, exposed bars 
and benches are good sites for macrophyte colonisation. Regulated flow conditions 
exhibit smaller flood peak discharges and reduced flood variability which favours 
such colonisation, particularly for well adapted invasive species such as crack willow. 
In the Derwent, the colonisation of disturbed banks, particularly lower banks between 
the levels of water fluctuation, is extensive and likely to have ecological implications 
as well as potential geomorphic consequences. 
  
In some systems, altered flow regimes can result in the disconnection of floodplain 
wetlands from the river (Kingsford 2000) or cause changes to the natural 
wetting/drying cycle of wetlands (Gippel and Finlayson 1993). The complex 
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interactions between the Lower Derwent River and its upper estuary and specifically 
the important wetlands located along the river have not been investigated during this 
study. 
 
2.3.1.5 Summary of potential impacts relevant to the Lower Derwent 
In summary, the following effects of regulation have the potential to impact the 
Lower Derwent River (ecological effects excluded): 
• Channel instability specifically bed degradation (due to the reduction in 
sediment load due to the high STE of the Meadowbank 
storage), channel contraction, or channel widening 
resulting from drawdown (due to the high intra-day 
variability of flow). 
 
• Bed mobility the potential for bed armouring as a result moderated 
flows. 
 
• Siltation The potential for changes in sediment characteristics 
resulting from regulation. 
 
• Tributary rejuvenation Related to either bed degradation or desynchronisation 
between tributary and trunk systems. 
 
• Vegetation responses Vegetation encroachment related to the modified flow 
regime and which may have implications for river 
morphology. 
 
2.4 Preliminary Assessment of Effects of Regulation 
on the Lower Derwent River 
The previous section outlined the potential effects of regulation on the lower Derwent 
River. Each of these effects is now discussed in the context of the identified 
geomorphic zones.  
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2.4.1 Channel Instability 
An examination of aerial photography using runs covering the period from 1946 to 
2001 (1946 Meadowbank photos were not available), revealed no evidence for 
systematic bed degradation. In fact, over this period there has been virtually no 
observable change in the channel planform, location of riffles, or location of bars.  
 
As outlined in Part 1 (Geomorphic Assessment), many sections of the Lower Derwent 
River have extensive bedrock control of the channel including bedrock rapids, 
particularly in Zones 1, 2, 4, 5 and 7. As a result, upstream regulation has not 
produced the systemic bed degradation that often occurs in more alluvial systems, 
commonly resulting from sediment starvation.  
 
At a more detailed scale there is some evidence to suggest that both channel 
contraction and expansion have occurred within the river. Localised areas of 
expansion were observed in Zones 2,3 and 6, mostly associated with bank slumping or 
scour. Whilst there is some evidence that the highly variable flow levels are resulting 
in drawdown type failures, other factors also contribute to slumping on river banks 
and terraces. Over-clearance of riparian vegetation and unrestricted stock access are 
contributing factors.  
 
Channel contraction is also limited in its extent, most likely due to a lack of sediment 
supply. In Zone 2 some lateral benches, which previously were cobbled, are now 
draped in a layer of silts and fine sands and are subsequently being colonised by 
macrophytes. It is unclear whether this is a temporary occurrence that will be undone 
by the next large flood. However, in a system that has a flow regime characterised by 
less frequent high flows, moderated base flow, and subject to vigorous colonisation by 
willows, it could be expected that if sediment were available then channel contraction 
would occur.  
2.4.2 Bed Mobility 
In areas where the river bed is not controlled by bedrock, a preliminary survey of the 
degree of armouring revealed that most cobble riffles were highly cemented and 
armoured, except in Zone 6. Pool and run features were not thoroughly surveyed due 
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to logistical problems associated with high flow levels at the time of survey. However, 
where observations were possible (mostly in Zones 2 and 5), the bed consistently had 
an armoured and consolidated appearance. 
 
Where occurring, cobble bars were generally not armoured but were generally well 
consolidated. The degree of imbrication on bars was highest in Zone 2 and 4, with 
other zones appearing less so. In almost all observed cases, bars appeared not to be 
building through active deposition. In fact many bars had a stripped appearance 
(particularly in Zone 6), with exposed tree roots and scour channels in some 
circumstances. A more detailed investigation of a bar feature in Zone 4 revealed 
larger framework cobbles showing weak imbrication and armouring, overlain by a 
thin veneer of well rounded gravels. It is probable that the larger cobbles are a basal 
lag with the smaller materials possibly being active during higher flows, having most 
likely being reworked from upstream banks or low floodplains. It is suggested that the 
current form of the bars is a response to the altered sediment and hydrological regime.  
 
Resource constraints did not permit an analysis of sediment characteristics or the 
determination of the competence of the average moderated or maximum regulated 
flow.  
2.4.3 Siltation 
Although it is probable that the great majority of any sediment entering the 
Meadowbank pondage is trapped within the storage, fines are still able to be 
transported over the spillway and through the hydro facility.  
 
As documented earlier, benches in Zone 1 are draped with fine silts and are being 
colonised by macrophytes. Similarly, along the river’s length willows have been 
extremely effective in trapping fine sediments within their root mats. Given that the 
infiltration and entrapment of fine sediments into armoured gravel and cobble beds is 
an established phenomena, it is feasible that fine sediments have also been trapped 
within the Derwent River bed.  
 
Unfortunately, there is no baseline for comparing the levels of siltation of pools or 
within interstitial spaces in bed gravels and cobbles, and so it is difficult to assess the 
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level of siltation that may be occurring. However, it is a commonly held view that the 
Derwent estuary delta is expanding (I. Houshold, pers.comm.) and so fine sediments 
may still be being sourced from the river catchment (reworked from river banks or 
low floodplains, from tributary sources, and through the storage). Further 
investigation is required to establish the extent of siltation within the river and its 
effects on river health and function.  
2.4.4 Tributary Rejuvenation 
As described previously, regulation can disrupt the natural balance by lowering the 
hydrologic base level to which the tributary is graded during channel forming flow 
events. As channel degradation and channel widening have not widely occurred, any 
tributary rejuvenation must be the result of hydrological desynchronisation.  
 
Although potential cases were observed during field work, observations suggest that 
tributary rejuvenation is not a widespread phenomena. For rejuvenation to occur, 
regulation must affect the base level to such an extent that the backwater influence of 
the trunk stream is prevented, thus creating the conditions for incision. Because the 
effect of the storage is dampened with distance downstream due to the effects of flow 
contribution from tributaries, rejuvenation would be most likely (but not exclusively) 
to occur in upstream reaches.  
 
Further, in order to incise the bed of the tributary must be erodible. In many of the 
upstream reaches, the bed of the river and its tributaries are bedrock controlled (For 
example in zones 1,2, and 4). Thus the potential for incision is limited in most zones, 
excepting Zone 3 where some rejuvenation is possible2. Although the magnitude of 
tributary incision cannot be accurately predicted without further investigation, the 
effect should be expected.  
2.4.5 Vegetation Responses 
The natural vegetation of the study area has been highly modified by land use 
practices. Whilst most of the riverine areas were likely to be woodlands dominated by 
                                                 
2 High flow conditions on the day of survey limited attempts to survey tributary confluences in 
Zone 3.  
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Eucalyptus spp., extensive clearing has reduced vegetation on floodplains and in 
adjacent riparian zones. Riparian forests would typically have been composed of a 
Eucalyptus overstorey, with sub-dominant acacia, dogwood, and tea-tree and a suite 
of macrophytes on the water’s edge. Whilst remnant pockets of the original vegetation 
communities remain, particularly in areas with little floodplain development and 
bedrock outcropping, many of the river banks are now colonised by a variety of 
exotics including crack willow, gorse, blackberry, hawthorn, and introduced pasture 
grasses. 
 
Willows are very well adapted to colonise alluvial surfaces and an analysis of the air 
photo record reveals that their growth has been prolific, particularly over the last 30 
years. Field observations reveal that willows have been particularly effective at 
invading lower alluvial banks and are capable of establishing within the area of water 
fluctuation that occurs as a result of flow regulation. In fact it is likely that the 
fluctuating water levels have significantly favoured the colonisation of willows in 
these areas, with flood suppression also assisting their survival.  
 
In some river systems, willows encroach into the river channel causing channel 
contraction and/or diversions. In the Derwent this has not occurred and, in the absence 
of healthy native riparian vegetation, the establishment of willows on alluvial surfaces 
is likely to have increased bank stability. 
  
The State Archives were searched in an attempt to locate historic photos of the 
Derwent River, which may provide information on historical levels of large woody 
debris loadings in the river. Unfortunately, no evidence was found but it is considered 
likely that large woody debris loads would have been considerably higher than those 
observed during field assessments. The loss of large native trees from the banks due to 
clearance, the replacement of native vegetation with willows, and the cessation of 
upstream supply due to storages are likely to have significantly reduced large wood 
inputs into the system.  
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2.5 Implications of potential future changes to the 
flow regime on river form and behaviour 
The Derwent is already a highly modified and impacted system as a result of both 
regulation and broader land use management practices. Nevertheless the river still has 
important values and further modifications to the river’s management may reduce 
these values.   
 
For ease of discussion, the issues associated with future changes to flow regime have 
been divided into implications associated with alterations to high flows and those 
associated with changes to low flow regimes.  
 
2.5.1 Implications associated with changes to high flows: 
• As the Meadowbank storage is a “run-of-the-river” type storage, high flows 
are unlikely to be further affected unless major interbasin transfers occur. 
Abstraction for irrigation does not usually occur during high flow periods. 
• Although further investigation is required to determine the extent of siltation 
of the river bed, it could be expected that any further reduction in high flow 
(flood) frequency would compound any likely effects, as high flows are 
required to mobilise armoured bed sediments.  
• As channel contraction has not widely occurred due to a lack of available 
sediment, it would not be expected to occur if flood frequency were further 
reduced. 
• Bed degradation would not be expected.   
 
2.5.2 Implications associated with changes to low flows: 
• Zones 2, 3 and 6 are the most susceptible to drawdown failures and so any 
changes to low flow regime that increase intraday flow variability may 
increase slumping in susceptible banks. A secondary risk not directly 
associated with flow regime is that if, as a result of river management 
activities, willows are removed from alluvial banks without replacement with 
native species, then more extensive slumping could occur.  
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• If low flows were significantly reduced, then channel contraction could occur 
as willows invade newly exposed sediments. This is most likely to occur in 
alluvial reaches of the river including Zones 3 and 6. Flow diversions and 
floodplain stripping could then occur during floods as a consequence. 
 
2.6 Further Investigations 
Many of the issues raised in this report require further clarification before any robust 
predictions of the likely effect of future flow modifications can be made. In particular, 
the effects of an altered flow regime on sediment characteristics and transport can 
have far reaching implications for river morphology and ecology which may only 
become apparent over decades. For this reason a long-term commitment to monitoring 
the effects of water management decisions is important. 
 
Other areas of potential future study include: 
• The effects of flow variation on willow colonisation. 
• The extent and causes of infiltration of fines into gravel/cobble beds in the Lower 
Derwent. 
• The relationship between sediment transport and sedimentation of the Derwent 
River estuary. 
• The effects of flow variations on large woody debris exposure.  
• The effects of flow regulation on floodplain wetlands. 
 
A lack of baseline data is likely to impede further investigations into this system and 
potentially others around the state. For this reason it is proposed that a network of 
monitoring sites and stations be established in priority river system (ie. those were 
pressures for regulation and abstraction are highest) to assist in determining the 
potential impacts of water management options. 
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Chapter 3. River Derwent – Instream biological 
Assessment 
3.1 Existing data 
There is no available on the instream biota of the lower River Derwent. Sloane (1979) 
detailed the species composition and timing of catches in the Plenty River upstream 
trap, and Inland Fisheries Service unpublished data records the presence of brown and 
rainbow trout, and atlantic salmon in the Derwent river. Davies and Kalish (1993) and 
Davies et al. (1993), and Pavuk and Fulton (1990) also report the presence of 
Galaxias maculatus and G. truttaceus in the upper estuary, implying the presence of 
substantial populations of native galaxiid fishes within the river and its tributaries. In 
addition, IFS annual reports have cited the annual presence of substantial 
concentration of elvers and adult lampreys at the outflow from the Meadowbank 
power station during spring-summer, implying substantial migrations of these species 
as well as the likely presence of substantial populations of adult shortfin eels 
(Anguilla australis) in the catchment downstream of Meadowbank dam. However, no 
survey of fish or macroinvertebrate populations has been conducted in the lower River 
Derwent to date. 
 
Davies et al. (1999) report on the macroinvertebrate community composition of 
macroinvertebrates in the river just downstream of Meadowbank dam. They observed 
a depauperate community, dominated by blackfly (simuliid) larvae. They also 
observed that community composition at that site was particularly depauperate 
compared to other river sites downstream of Hydro power stations. A number of other 
macroinvertebrate species have been reported from the river, including the rare 
freshwater limpet Ancylastrum, and the freshwater crayfish Astacopsis franklinii. 
Platypus have also been reported anecdotally from the river. 
 
A brief snapshot field survey was conducted in October 2001 to assess the overall fish 
and macroinvertebrate community composition, and to observe any trends 
downstream from Meadowbank dam and power station.  
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3.2 Methods 
A single, 10 m kick sample of benthic macroinvertebrates was taken, using a 250 
micron mesh standard D-net, near the centre of the channel in eight riffle-rapid 
reaches between Meadowbank Dam and New Norfolk (Figure 3.1). Two adjacent 
riffles were sampled in each of seven of these reaches to provide a measure of 
replication. Each sample was live-picked on-site (using the standard AUSRIVAS live 
pick protocol), and the residues preserved for sub-sampling and lab processing. All 
macroinvertebrates were counted and identified to family level, with the exception of 
oligochaetes, hydracarina, nematodes and chironomids (which were identified to sub-
family).  
New Norfolk
Bushy Park
Glenora
Plenty
Tyenna R
Styx R
Plenty R
 
D7,8 
DMead 
D1, 2 
D3,4 
D5,6 
D9,10 
D11,12 
D13,14 
Figure 3.1 Locations of macroinvertebrate and fish sampling sites in 
the lower River Derwent.  
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 Thirty two quantitative ‘surber’ samples (mesh size 500 micron, area sampled 0.09 
m2) were taken from site D4 in October 2001, for the development of habitat 
preference data (Chapter 5). Macroinvertebrates form the dominant groups (with tht 
exception of chironomids subfamilies and worms) were identified to species. 
 
A single pass of a Smith-Root backpack electroshocker was conducted at each 
macroinvertebrate sampling site in October 2001. Attempts were made to fish 
wadeable habitat adjacent to one bank in riffle habitat, and for 20 min battery time. 
However, flow conditions were not suitable for wader-operated shocking several sites. 
All fish encountered were counted and identified to species. 
 
Macroinvertebrate data were analysed by conducting a non-linear hybrid 
multidimensional scaling ordination on Bray Curtis similarities (of 4th root 
transformed data), using the Primer 5 package, to assess the presence of any 
longitudinal patterns in community composition. Trends in abundance and number of 
taxa were also examined. Live-pick data derived from the kick samples was also 
analysed using the RIVPACS rank abundance predictive models developed by Davies 
et al. (1999) for bioassessment of macroinvertebrate communities within Hydro 
catchments.  
 
3.3 Results 
3.3.1 Fish 
Overall, fish catches were low (Table 3.1), due to the low conductivity and relatively 
high water velocities during sampling (at discharges of ca 30 – 35 cumec at 
Meadowbank dam). The data suggest longitudinal trends in fish species distribution, 
as observed elsewhere (Davies 1989, Howland et al. 2001) but standardized fishing 
could not be conducted at all sites and results should be viewed with caution. Sandies 
(Pseudaphritis urvillii) and shortfin eel (Anguilla australis) were the most abundant 
species, as anticipated.  
However, the sampled fish fauna contained an unexpectedly low relative abundance 
of exotic species. Brown trout are not adequately sampled by wader operated 
53 
shocking in low conductivity rivers, and anecdotal and historical records indicate the 
presence of a significant redfin perch population, a species not detected in the survey. 
River blackfish is believed to have been translocated into the Derwent and Huon 
systems in the early 1900’s.  
 
Overall, the lower River Derwent contains a modified fish community consisting of 
native fish species that are common to most lowland Tasmanian rivers, and four 
exotic species. 
 
3.3.2 Macroinvertebrates 
The composition of the macroinvertebrate samples collected from the lower Derwent 
are shown in Appendix 1, and the overall composition across all sites is shown below 
(Table 3.2). In summary, the fauna is dominated by taxa which are filter feeders 
(blackflies, hydropsychids, chironomids etc). 
 
The species composition indicated a relatively low diversity within each family, with 
the exception of elmid beetles, of which species of which were identified from surber 
samples at site D4. The dominant macroinvertebrate species recorded at that site are 
shown in Table 3.3. No threatened species were observed in this sample set. 
 
A marked trend in relative abundance of several taxa was noted, with relative 
abundance of decreasing with distance from Meadowbank Dam for simuliids and 
increasing for baetids and elmids. Ordination plots show a longitudinal shift in 
community composition away from Meadowbank Dam, with sites close to the dam 
being quite distinct from other sites (Figure 3.2).  
 
In summary, macroinvertebrates are depauperate and dominated by simuliids and 
chironomids closer to Meadowbank dam, but increase in diversity and in relative 
importance of baetid mayflies and other taxa with distance downstream. 
Leptophlebiid mayflies and gripopterygid stoneflies are low in relative abundance 
throughout. 
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This pattern is consistent with the presence of an ongoing impact from the regulated 
flow regime. The high relative abundance of filter-feeding simuliid (blackfly) larvae 
close to the dam and power station is indicative of sustained and regulated minimum 
flows coupled with a high fine suspended load. The increase in other taxa (eg baetids, 
adult elmids) at downstream sites is indicative of several influences:  
• the variable nature of the flow regime coupled with a degree of attenuation 
downstream; 
• a reduction in fine suspended planktonic food resources with distance from the 
dam; 
• the presence of significant tributaries, which provide a source of colonists and 
other food resources (eg CPOM).  
 
The absence or very low abundance of leptophlebiid mayflies and gripopterygid 
stoneflies at all sites suggests that the impact from the regulated flow regime on 
habitat suitability is severe for these more sensitive taxa (see Davies et al. 1999, and 
Davies et al. 2001). It should be noted that the fauna of the only nearby unregulated 
large river, the Huon, is dominated by leptophlebiids and gripopterygids (Davies             
unpub. data). 
 
Mean O/Erk was calculated for each pair of macroinvertebrate kick samples, derived 
form the live pick kick sample data. A plot against distance from Meadowbank Dam 
shows a distinct increase in O/Erk, due to a recovery of number and relative 
abundance of expected taxa downstream. A marked increase occurs at sites 
downstream of the Styx river (sites D7, 8, 9,10, 13 and 14). However, even these sites 
fall below the A (reference or unimpacted) band, falling into the significantly 
impacted band B. Site DMead, just downstream of Meadowbank is severely impacted. 
 
The Derwent just downstream of Meadowbank is particularly impacted compared 
with other Tasmanian rivers regulated by Hydro power stations. Davies et al. (1999) 
developed a multiple linear regression model from three variables describing the 
degree of flow regulation downstream of Tasmanian Hydro power stations, which 
predicted over 85% of the variance in O/Erk (the O/E score calculated using the 
combined season rank-abundance AUSRIVAS model developed by Davies et al. 
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1999) for reaches immediately downstream. Figure 3.4 shows that the true value of 
O/Erk for the Derwent downstream of Meadowbank Dam falls significantly lower 
than the value that would be predicted from this flow regime equation.  This implies 
that this reach is affected by the flow regime and an additional factor. The fact that 
samples from the Forth River downstream of Paloona dam (the only other site 
downstream of a multiple storage run of river Hydro scheme) also have a lower O/Erk 
than predicted, implies that the impact is related to the presence of a chain of Hydro 
storages upstream. This is probably primarily dictated by a major change in food 
resources, with dominance by fine, planktonic and suspended material and the 
absence of coarse particulate organic matter (CPOM). 
 
 
 
 
 
 
 
Table 3.1. Results  of fish survey in the Derwent downstream of 
Meadowbank Dam, October 2001. 
 
 Species                          Sites:  
D1-
D2 
D3-
D4 
D5-
D6 
D7-
D8 
D9-
D10 
D11-
D12 
Anguilla australis 5 1 5       
Galaxias maculatus   2      
Pseudaphritis urvillii   1 5 1 1 12 
Gadopsis marmoratus    2 3  1 
Salmo trutta      1   
Tinca tinca       1 
Geotria australis 
(ammocoete)     2  2 
N species 1 3 3 3 2 4 
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Table 3.2 Community composition of macroinvertebrates at 12 riffle sites 
downstream of Meadowbank Dam, lower River Derwent, October 
2001. Taxa listed in order of decreasing overall abundance, data 
from kick samples. 
 
Taxon DMead D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D14
Simuliidae 126 49 85 70 118 24 10 30 49 57 8 9
Hydropsychidae 3 33 57 76 61 9 32 34 34 59 53 31
Parameletidae 0 3 2 38 36 6 17 65 53 56 55 8
Conoesucidae 0 3 4 5 37 41 39 7 28 26 22 95
Orthocladiinae 0 24 25 26 35 30 35 8 14 8 0 7
Baetidae 0 0 0 7 31 38 21 9 15 18 22 38
Elmidae (adults) 0 1 0 0 1 16 14 13 31 3 5 22
Gripopterygidae 3 2 11 2 0 2 2 14 24 7 3 18
Caenidae 0 7 3 13 7 1 25 3 5 7 4 0
Ceinidae 12 13 15 3 2 0 3 2 0 3 1 1
Chironominae 6 3 0 0 0 1 5 6 6 5 1 19
Elmidae (larvae) 0 5 0 1 1 12 8 2 3 1 3 10
Oligochaetae 0 5 1 1 6 3 1 5 0 8 13 1
Janiiridae 0 3 0 8 3 15 4 1 0 1 0 0
Leptoceridae 2 16 4 1 0 1 0 3 1 1 4 0
Hydracarina 12 1 2 0 0 0 6 2 6 1 2 0
Aeshnidae 0 6 2 0 3 0 1 4 4 5 4 0
Hydrobiosidae 0 1 0 0 3 0 1 1 3 4 2 8
Planorbidae 2 1 1 0 4 0 3 3 0 1 3 1
Hydrobiidae 0 2 0 0 0 1 1 3 1 2 8 0
Phreatoicidae 0 6 0 0 2 1 0 0 0 0 9 0
Calamocertidae 0 1 1 1 0 0 0 1 0 0 5 0
Leptophlebiidae 0 0 0 1 0 0 0 1 2 0 3 0
Helicopsychidae 0 0 0 1 0 0 0 0 0 0 4 0
Psephenidae 0 3 0 0 0 0 0 0 1 0 1 0
Glossosomatidae 0 0 0 0 0 0 0 0 0 0 2 2
Gomphidae 0 1 0 0 0 0 0 1 0 0 1 0
Sphaeridae 0 1 0 0 0 0 0 0 0 0 1 0
Diamesinae 0 0 0 0 0 0 0 1 1 0 0 0
Empididae 0 1 0 0 0 0 0 1 0 0 0 0
Tanypodinae 0 0 0 0 0 0 0 1 0 0 0 0
Tipulidae 0 0 0 0 0 0 0 0 0 0 1 0
Hydroptilidae 0 1 0 0 0 0 0 0 0 0 0 0
N Taxa 8 26 14 16 16 16 19 26 19 20 27 15
Total Abundance 166 192 213 254 350 201 228 221 281 273 240 270
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Table 3.3 Species composition of dominant macroinvertebrate taxa in 
riffle habitats downstream of Meadowbank Dam, lower River 
Derwent, October 2001. Taxa listed in order of decreasing overall 
abundance, data from quantitative surber samples taken at site D4 
in October 2001 
 
 
Class/Order Family Species/subfamily %
Diptera Chironomidae Orthocladiinae 23.24
Coleoptera Elmidae Simsonia augusta 20.23
Diptera Simuliidae Austrosimulium 16.15
Trichoptera Hydropsychidae Cheumatopsyche  sp. AV 4 8.88
Coleoptera Elmidae (adults) Simsonia  sp. 6.09
Diptera Chironomidae Chironominae 4.64
Gastropoda Hydrobiidae Austropyrgus  sp. 4.23
Trichoptera Conoesucidae Conoesucus norelus 3.73
Amphipoda Paramelitidae Austrogammarus multispinosus 2.45
Isopoda Janiiridae Heterias pusillus 2.35
Ephemeroptera Caenidae Tasmanocoenis tonnoiri 1.94
Gastropoda Planorbidae Glyptophysa  sp. 1.63
Coleoptera Elmidae Kingolus aeratus 1.13
Trichoptera Helicopsychidae Helicopsyche murrumba 0.66
Coleoptera Elmidae Simsonia leai 0.66
Ephemeroptera Baetidae Genus 2 sp. MV 6 0.63
Gastropoda Ancylidae Ferrissia  tasmanica 0.56
Trichoptera Hydropsychidae Asmicridea  sp. AV 1 0.41
Amphipoda Phreatoicidae Paraphreatoicus relictus 0.38
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Figure 3.2. MDS ordination plot of macroinvertebrate community 
composition at sites downstream of Meadobank dam in October 
2001. Circles indicate relative abundance of simuliids and baetids 
respectively, to show contrasting trends. Arrow indicates overall 
downstream direction (from DMead to D14). 
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Figure 3.3 Plot of O/Erk vs distance from Meadowbank dam. RIVPACS 
band names (letters) and bounds (dashed lines) are indicated. 
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Figure 3.4 Plot of O/Erk measured at sites downstream of Hydro power 
stations against O/Erk predicted by an equation relating O/Erk to 
the flow-regime (Reference sites also shown, all with predicted 
value of 1.0). Note  all sites fall close to 1:1 line, with the exception 
of Derwent downstream Meadowbank (DMead) and Forth 
Downstream of Paloona. 
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3.4 Summary 
The fish fauna of the lower river Derwent is moderately diverse with a high 
proportion of exotic species, and could be classified as modified. No species of 
conservation significance were recorded from the survey. A more detailed survey, 
under more appropriate flow conditions, would be required to assess the status of 
individual species populations and confirm the trend suggested by the data in Table 
3.1. 
 
The aquatic macroinvertebrate fauna of the lower River Derwent is abundant and 
diverse, particularly downstream of the Tyenna and Styx rivers, the two major 
tributaries. Overall however, community composition is significantly modified, and 
sites upstream of the Tyenna junction are both depauperate, low in abundance and 
dominated by simuliid larvae.  The nature of the change from what would be expected 
under unregulated conditions, combined with the longitudinal trends in relative 
abundance of certain taxa, is consistent with a significant impact from the highly 
variable and modified flow regime. This impact is probably dictated by rapid 
fluctuations in velocity, sustained bursts of high water velocity and associated near-
bed turbulence, changes in substrate composition resulting from both armouring and 
sub-surface sedimentation (see Chapter 4). Superimposed on the flow impacts is the 
effect of sequestration of normal riverine food and energy sources (eg CPOM), and 
the change to a plankton and fine suspended solids dominate energy base, which 
enhances a shift to a filter-feeding based macroinvertebrate community. 
 
Detailed habitat preferences for the dominant species in the fauna are detailed in 
Chapter 5. 
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Chapter 4. Environmental Effects of Derwent River 
Flow on the Upper Derwent Estuary: Predictions 
from Integrated Biophysical Models. 
 
John Parslow, Mike Herzfeld, Pavel Sakov, John 
Andrewartha. 
CSIRO Marine Research, Hobart 
 
4.1 Introduction 
The fate of effluent discharged by the pulp mill at Boyer has been previously 
modelled by CSIRO (Parslow et al, 2001). This study used a high resolution 
hydrodynamic model, a transport box model and ecological module to investigate the 
effects of the Combined Effluent Stream (CES) on the estuary above Bridgewater and 
below New Norfolk. Various scenarios incorporating differing tidal, wind and river 
discharge regimes were modelled.  
 
This study uses the hydrodynamic, transport and biogeochemical models developed in 
the previous study to investigate the environmental effects of Derwent River flows on 
the upper estuary. The study represents part of a broader assessment of environmental 
flows in the Derwent river and upper estuary, commissioned by Tasmania Department 
of Primary Industries, Water and Environment (DPIWE), and flow scenarios have 
been agreed with DPIWE and other participants. The models used here are unchanged 
from those developed and calibrated in the previous study, although, along with the 
specified river flows, more realistic neap-spring tidal forcing and realistic wind 
forcing have been applied.  
 
Input data for the hydrodynamic model (river flow, bathymetry, water level and 
winds) and for the biogeochemical model (catchment, STP and CES loads, marine 
boundary conditions and irradiance) are described in Section 2. Descriptions of the 
model formulations and model results are described in Sections 3 and 4 respectively. 
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 4.2 Input Data 
2.1 River Flow 
The study of Parslow et al (2001) used river flows of 45 and 90 m3s-1, which 
corresponded to 5 and 50 percentile flow values respectively. These river flows were 
estimated as a combination of flow within the Derwent itself plus contributions from 
various other tributaries (see Eqn. 2.1.1 Parslow et al, 2001). There are a total of eight 
flow scenarios modelled in this study which are summarised in Table 4.1. 
 
Table 4.1 : River Flow Schedule 
Scenario Flow (m3s-1) 
1 10 
2 20 
3 50 
4 100 
5 200 
6 ‘Annual median flow then moderate flood’ 
 
Initially 100, ramped to 200 over 2 days, 
constant at 200 for 5 days, 
ramped to 100 over 2 days then constant at 100 for 21 days.
7 ‘Summer median flow then moderate flood’ 
 
Initially 50, ramped to 200 over 2 days, 
constant at 200 for 5 days, 
ramped to 50 over 2 days then constant at 50 for 21 days. 
8 ‘Summer median flow then low flow event’ 
 
Initially 50, ramped to 20 over 2 hours, 
constant at 20 for 20 days, 
ramped to 50 over 2 hours then constant at 50 for 10 days. 
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The flow data was used to set the velocity open boundary condition at New Norfolk. 
A velocity profile was generated such that the cross-sectional integral of the velocity 
was equivalent to the imposed flow rate. Non zero velocities through this boundary 
were restricted to the surface layer bounded by the free surface (time dependent) and a 
fixed pycnocline depth. 
 
4.2.2 Water Level 
Water level data were available from Boyer (provided by Norske Skog) at 10 minute 
intervals. A neap-spring tidal cycle of approximately 14 days was identified in this 
data corresponding to the period 7 Mar 2000 to 21 Mar 2000. This data is used as the 
sea level open boundary condition at Bridgewater. 
 
The model is required to be forced with a periodic neap-spring cycle with the aim of 
producing hydrodynamic outputs that are periodic over the neap-spring time-scale. 
These outputs can then be repetitively cycled to create transport records with a length 
of several years for use with the biochemical module. Following the procedure of 
Parslow et al (2001), a “synthetic” tide was generated using tidal constituents which 
capture the major features of the observed neap-spring cycle. The resultant tide is 
composed only of the M2, S2, K1 and O1 constituents, with amplitudes and phases 
chosen to best approximate the neap-spring cycle. These constants are shown in Table 
4.2 and the corresponding tides over a 14 day period are displayed in Figure 4.1. 
 
Table 4.2 : The amplitudes and phases of the tidal constituents for the 
synthesised neap-spring cycle. 
 
Constituent Amplitude (m) Phase (o) 
M2 0.374 324 
S2 0.127 78 
K1 0.191 50 
O1 0.130 20 
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Figure 4.1 : Neap-spring Tidal Cycle 
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4.2.3 Wind 
The model was forced with real wind data, collected at the Boyer mill at one hour 
intervals. The time period of these data correspond to that of the neap-spring tide, i.e. 
7 to 21 March 2000. This period was chosen so that the statistics relating to wind 
direction and speed compared favorably to the analyses of  Parslow et al (2001). 
These statistics are presented in Table 2.3.1 and Table 2.3.2 with the results of Table 
2.4.1 and 2.4.2 of Parslow et al (2001) included for comparison. Note that the 
frequencies of the across river north and south directions vary significantly from that 
of Parslow et al (2001), but the sums of the frequencies in these directions are 
comparable. The direction of across river wind is irrelevant from the model 
circulation perspective, and only combined across river frequency in relation to up or 
down river frequency will impact on circulation patterns, hence this wind distribution 
is satisfactory. In order to maintain numerical stability in the model, the hourly data 
was smoothed using a seven point moving average filter and any wind components 
greater than 8 ms-1 were capped. The wind components were then sub-sampled onto 
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the tidal input time-step (10 minutes) so that all forcing was cyclic over the same 
period (i.e. the neap-spring cycle). 
 
The wind field used to force the model is displayed in Figure 4.2. 
 
 
 
Table 4.3 : Definition of quadrants used in wind analysis. 
 
Frequency (%) Description Quadrant Range 
(° True) This study Parslow et al 2001 
Down-river 15°-105° 58 58 
Across-river (N) 285°-15° 30 14 
Up-river 195°-285° 12 10 
Across-river (S) 105°-195° 1 18 
 
 
 
 
Table 4.4 : Statistics of various powers of the wind speed. 
 
 Mean wind 
(ms-1) 
Root mean 
(wind)2
(ms-1) 
Root mean 
(wind)3
(ms-1) 
This study 3.29 4.10 4.83 
Parslow 2001 3.00 4.09 4.96 
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Figure 4.2 : Wind Speed and Direction 
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4.2.4 Catchment Loads 
In the previous Derwent ERA study, catchment loads at New Norfolk were based on 
river flows and constituent concentrations measured at station CS in the Derwent 
River above the estuary. Separate loads were estimated for median flow (90 cumecs) 
based on observations in November December 1999, and for 5%ile flow (45 cumecs) 
based on measurements in March April 2000 (Parslow et al., 2001). In this study, we 
are considering a much wider range of flows (from 10 to 200 cumecs), and also 
dealing with scenarios involving time-varying river flows. It is not appropriate to treat 
loads as fixed, and we have instead sought to derive a relationship between river loads 
(or concentrations) and flows.  
 
A statistical analysis was carried out to identify relationships between Derwent River 
flows and loads of nutrients, SPM and organic matter discharged by the river into the 
upper Derwent estuary. The analysis was based on data collected at station CS by 
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Norske Skog as part of monitoring programs in the upper estuary, and during the 
Derwent ERA, and kindly made available by Des Richardson.  
 
Nutrient data (NOx, NH3, FRP, TN and TP) have been collected routinely since 
August 1996. These measurements were expanded during the ERA to include SPM, 
TOC and DOC. Nutrient concentrations have been compared with estimated total 
flow into the estuary (cumecs), based on flow measurements at  Meadowbank and 
Tyenna. A total of 27 concentration-flow combinations are available for the standard 
nutrient suite, but only 7 concentration-flow combinations are available for DOC, 
TOC and SPM. River flows in the extended data set ranged from 27 to 360 cumecs, 
but only 27 to 160 cumecs in the ERA data set. 
 
After preliminary inspection of the data, it was decided to log scale concentrations 
and flows, and to regress log(concentration) on log(flow). Log transformations have 
been found to be appropriate in other comparable analyses (e.g., Grayson et al., 2001). 
Note that log here refers to log base 10. Based on the results, the constituents can be 
divided into three classes. Among the standard nutrient suite, NOx, TN and TP all 
show a statistically significant increase with flow: 
 
log(Nox) = 0.26 + 0.50*log(flow) (P=0.03, SE = 0.31)  
 
log(TP) = -0.20 + 0.51 * log(flow) (P= 0.015, SE = 0.26) 
 
log(TN) = 1.86 + 0.24 * log(flow) (P=0.01, SE = 0.12) 
 
In the case of NOx and TP, concentration increases approximately like the square root 
of flow, but TN depends more weakly on flow, increasing like the fourth root. (This 
may reflect a substantial contribution from DON, which tends not to increase so 
strongly with flow.) 
 
The standard error about the regression SE represents the unresolved variation in 
concentration. It corresponds to an uncertainty of factors of 2.0, 1.8 and 1.3 in 
individual daily concentrations of NOx, TP and TN respectively. 
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The concentrations of ammonia and FRP show no statistical relationship with flow. In 
the case of ammonia, concentrations are highly scattered. The median ammonia 
concentration is 7 mg m-3, with a range from 1 to 141 mg m-3. Contamination of 
ammonia samples can occur, and did occur during the ERA, so the high values may 
be suspect. The median value is unlikely to be affected by contamination and there are 
no grounds for adopting any other value in calculating loads. FRP concentrations on 
the other hand are uniformly low. Most values are given as <2 mg m-3, presumably 
the limit of detection, and the maximum recorded value is 3 mg m-3. We have taken 1 
mg m-3, half the limit of detection, as a “typical” value. 
 
Because there are only 7 concentration-flow combinations for SPM, DOC and TOC, it 
is possible for scatter to disguise real dependence on flow. The regression results are: 
 
log(TOC) = -0.61 + 0.64*log(flow) (P = 0.04, SE = 0.14) 
 
log(DOC) = -0.41 + 0.50*log(flow) (P = 0.05, SE = 0.12) 
 
log(SPM) = -0.45 + 0.50 * log(flow) (P = 0.66, SE = 0.65) 
 
The regressions for TOC and POC are just significant at the 5% level, and increase 
approximately like the square root of flow, consistent with TP and NOx. TOC 
increases more rapidly than DOC. However, there is a problem in using the 
regressions of log(TOC) and log(DOC) to estimate POC (as TOC - DOC), as the 
predicted TOC is less than DOC for flows less than 27 cumecs. The alternative is to 
compute POC directly by difference, and regress log(POC) on log(flow). The 
resulting regression is: 
 
log(POC) = -3.1 + 1.44*log(flow) (P = 0.13, SE = 0.48)  
 
This is not statistically significant, but it also has a very large and uncertain slope (the 
95% CI for the slope is [-.58, 3.5]). There is considerable risk in using the large 
regression slope to extrapolate to high flows, outside the range of the observed flows. 
Moreover, extrapolated to low flows, this relationship predicts POC levels which are 
less than the carbon expected to be associated with observed chlorophyll levels at low 
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flows. The relationship has therefore been modified (somewhat arbitrarily) by 
reducing the slope from 1.44 to 1.0, and adjusting the intercept so it predicts the same 
POC concentration at 90 cumecs as that used in previous model scenarios for 
November-December. The relationship used (which must be considered highly 
uncertain) is: 
 
log(POC) = -2.1 + 1.0 * log(flow). 
 
The SPM relationship is also not statistically significant, due to the small number of 
observations and high residual standard deviation. One would expect SPM to increase 
with flow, and given that the regression coefficient is similar to that for other tracers, 
we have used this relationship here. Note that TOC, POC, DOC and SPM are in units 
of mg L-1.  
 
There is still a need to allocate TN, TP and POC across various fractions. The 
allocation follows the rules used in setting scenario loads in the previous ERA 
modelling study (Parslow et al. 2001). DIN and the nitrogen in PL and PS are 
subtracted from TN, leaving a non-living organic N pool. This pool is allocated 90% 
to DON and 10% to Ref_Det_N. A similar method is used to determine DOP and 
Ref_Det_P. The organic carbon associated with PL and PS is subtracted from POC, 
and the rest assigned to Ref_Det_C. 
 
For the most part, the relationships and rules described here yield loads at 50 cumecs 
and 100 cumecs which are reasonably close to those estimated at 45 and 90 cumecs in 
the ERA. The largest discrepancy occurs for Ref_Det_C loads, which agree well at 
90/100 cumecs, but at 45/50 cumecs, the ERA Mar/Apr concentration was 37 mg C 
m-3, compared to 345 mg C m-3 from the load vs flow relationship adopted above. 
  
For those variables where sufficient data were available, separate regressions were 
carried out for the spring and summer periods. Regression relationships between river 
concentration and flow did not differ significantly between spring and summer. We 
have therefore used the overall relationships given above for both spring and summer 
scenarios. 
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4.2.5 Bridgewater Boundary Conditions. 
Concentrations of constituents were prescribed in the bottom layers (salt wedge) at the 
Bridgewater boundary for both Nov-Dec and Mar-Apr scenarios. The concentrations 
used were identical to those specified for the Nov-Dec and Mar-Apr scenarios in the 
ERA model runs (Parslow et al., 2001, Table 5.3.2), based on observations carried out 
as part of the Derwent ERA. A memory boundary condition (Parslow et al., 2001) is 
used to compute the boundary concentration in surface waters at Bridgewater. 
 
4.2.6 CES Loads 
CES loads from the Norske Skog plant at Boyer were identical to those specified in 
the “Current Scenario” in the ERA study (Parslow et al., 2001, Table 6.3.1). 
 
4.2.7 Surface Irradiance 
Surface Irradiance was specified for Nov-Dec and Mar-Apr scenarios, using the 
values calculated in Parslow et al. (2001).  
 
4.3 Description of Models 
4.3.1 The Hydrodynamic Model 
4.3.1.1 Introduction 
The hydrodynamic model, MECO, was used to simulate transport and dispersal in the 
estuary. MECO is a three-dimensional, non-linear, variable-density hydrodynamic 
model developed by the CSIRO Division of Marine Research in Hobart.  
 
MECO simulates three-dimensional distributions of velocity, temperature, salinity and 
concentrations of passive tracers, based on input fluxes of water, salt, heat and passive 
tracers, and forcing by winds, atmospheric pressure gradients and tides. The equations 
forming the basis of the model are similar to those described by Blumberg and 
Herring (1987), except that the model uses so-called “z” coordinates in the vertical to 
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better represent stratified flows. The equations are solved using finite-difference 
techniques on a C-type grid (see, for example, Mesinger and Arakawa, 1976). The 
model has been described in more detail by Walker and Fandry (1994) and Walker 
and Waring (1998). 
 
The improvements to MECO relating to advection schemes and open boundary 
conditions described in Parslow et al (2001) are retained in this study. 
 
4.3.1.2 Model Domain 
The model domain extends from Bridgewater at the seaward end to New Norfolk at 
the landward end. This domain is identical to that used in Parslow et al (2001). From 
New Norfolk to a point a few kilometres upstream from Bridgewater, the estuary is 
about 150 to 250 m wide, with the main channel spanning most of the width. There 
exist large shallow bays (wetland areas) adjacent to the main channel directly 
upstream from Bridgewater. The water column is usually strongly stratified, with a 
sharp interface between the relatively fresh surface water flowing downstream and the 
deeper saline water flowing upstream.  
 
The model grid covers the upper Derwent Estuary between the bridge at New Norfolk 
and the causeway at Bridgewater. An orthogonal curvilinear grid is used, following a 
smooth approximation of the river centreline. The wetland area and main channel near 
Bridgewater are represented by an orthogonal polar grid to provide equal resolution in 
the long and cross river directions. This was merged with the orthogonal curvilinear 
grid upstream from the wetlands. The resolution of the grid in the long-river direction 
varies from about 110 m near new Norfolk, to about 75 m near Bridgewater. The 
cross-river resolution varies smoothly from about 10 m at New Norfolk to about 55 m 
at the Bridgewater causeway. There are 172 cells in the long-river direction. For most 
of the river length, except the wetland area near Bridgewater, there are 9 cells across 
the river. 
 
Vertically, the grid covers the entire depth range found in the upper estuary. There are 
21 model layers, spaced 0.4 m apart between the surface and 4 m depth, and with 
gradually increasing spacing in the deeper parts of the model. For the range of flows 
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studied, the halocline is always located in the top few metres of the water column 
where the vertical resolution is greatest. Depths of the bottom of each layer are given 
in Table4.5. 
 
Table 4.5 : Vertical Model Resolution. 
 
Layer Depth (m) Layer Depth (m) 
20 0 10 4.0 
19 0.4 9 4.45 
18 0.8 8 5.0 
17 1.2 7 5.7 
16 1.6 6 6.6 
15 2.0 5 7.75 
14 2.4 4 9.2 
13 2.8 3 11.0 
12 3.2 2 13.2 
11 3.6 1 15.85 
  0 19 
 
4.3.2 Transport (Box) Model and Biogeochemical Model 
These models are identical to those implemented and calibrated as part of the Derwent 
ERA study (Parslow et al., 2001). The box model implemented for the Derwent 
consists of 24 boxes, with 22 “active” cells and 2 boundary cells (Fig. 3.2.1). The 
model laterally averages the main channel, and divides it lengthwise into 16 boxes, 
including 2 boundary boxes, one at New Norfolk (Box 0) and another at Bridgewater 
(Box 15). The larger northern wetlands are divided into 6 boxes (Boxes 16-21), and 
the southern wetlands into 2 boxes (Box 22 and 23). 
 
As in the previous study, an inverse technique is used to estimate exchanges in the 
box model so that the predicted distribution of salt and other artificial conservative 
tracers best matches that predicted by the hydrodynamic model.  
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The model represents the cycling of nitrogen, phosphorous and carbon through water 
column, sediment, and epibenthic ecosystems. The water column module describes a 
simple planktonic food web. The model includes two phytoplankton functional 
groups: small phytoflagellates and large bloom-forming phytoplankton with nominal 
cell diameters of 5 μm and 20 μm respectively. There are in turn two size classes of 
zooplankton which graze respectively on small and large phytoplankton. The model 
represents a range of forms of nonliving particulate and dissolved organic matter, as 
well as inorganic nutrient species, dissolved inorganic carbon (DIC) and dissolved 
oxygen. 
 
The sediment module represents the breakdown of particulate and dissolved organic 
matter through microbial and detritivore activity which consumes oxygen and releases 
DIC and inorganic nutrients. The module includes the processes of nitrification and 
denitrification, which have been shown to play a pivotal role in nitrogen cycling in 
coastal systems (Harris et al., 1996). The module also includes benthic microalgae, 
which have now been shown to make a major contribution to primary production in 
many coastal systems. 
 
The epibenthic module represents two functional classes of attached macrophytes: 
macroalgae, which take up nutrients from the water column, and seagrass, which take 
up nutrients from the sediment pore water. For the purpose of this study, ‘seagrass’ 
stands for a functional class of macrophytes which have similar properties to 
seagrasses – for the upper Derwent estuary these are dominated by Ruppia (Jordan et 
al. 2001). 
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Figure 4.3 : The Box Model Geometry. 
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4.4 Scenario Results 
4.4.1 The Hydrodynamic Model 
 
The hydrodynamic model was calibrated against observed salinity sections along the 
estuary under flows of 45 and 90 cumecs, and the calibrated model and parameter 
values have been used unchanged for the flow scenarios addressed here, and listed in 
Table 4.6. 
 
4.4.1.1 Results 
Salinity distributions on an along-river cross-section for the constant flow scenarios 1 
to 5 are displayed in Figures 4.1.1 to 4.1.5. These sections represent a snapshot taken 
at the end of the neap-spring cycle. Note that due to the variable wind forcing, and to 
a lesser extent the variable tide, the salinity section varies over time, and the salt 
wedge position oscillates about the positions presented depending on the state of the 
forcing. These salinity distributions are, however, representative of the general 
distance of salt wedge propagation, and it can be readily observed that salt wedge 
penetration up the estuary decreases with increasing flow.   
 
4.4.1.2 Salt Wedge Variability 
Parslow et al (2001) concluded that tidal variation had negligible impact on salt 
wedge penetration whereas large differences in salt wedge position (up to 6km) were 
observed between up and down-river wind directions. Figures 4.1.1 to 4.1.5 indicate 
that significant salt wedge variability occurs between flows, as was also concluded by 
Parslow et al (2001). The lower flow regimes (10 and 20 m3s-1) show the salt wedge 
propagates past the New Norfolk boundary, hence little difference is observed 
between these two scenarios. The remaining scenarios exhibit decreasing salt wedge 
penetration as the flow increases. The distance from Bridgewater of where the 2 psu 
contour intersects the surface and 25 psu contour intersects the bottom based on the 
distributions at the end of the simulations are  summarised in Table 4.6. 
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Table 4.6 : Salt Wedge Propagation Distances 
 
Distance from Bridgewater (km) Flow 
(m3s-1) 2 psu 25 psu 
10 14.5 > 
20 11.75 > 
50 5.75 14 
100 1.5 11.5 
200 < 6.5 
 
‘>’ indicates the contour receded past the New Norfolk boundary 
‘<’ indicates the contour receded past the Bridgewater boundary 
 
The maximum and minimum salt wedge penetration over the neap-spring cycle for 
the median flow (100 m3s-1) is displayed in Figures 4.1.6 and 4.1.7 respectively. The 
deviation of the salt wedge from the mean position due to the variable tidal and wind 
forcing is less than 1.5km, which is significantly less than shifts observed by Parslow 
et al (2001) when the model was forced with constant winds from different directions 
(e.g. see Table 6.1.3 Parslow et al 2001). As the wind forcing is variable in this study 
and the salt wedge is not allowed to reach equilibrium, it can be concluded that the 
time-scale required to reach equilibrium under constant wind forcing is much longer 
than that associated with the typical variation in real wind direction. The variation in 
wind speed between up and down-river favorable directions is also expected to 
contribute towards the smaller deviation from the mean position. The variability of the 
salt wedge position and structure over the neap-spring cycle can be viewed in 
Animations 1 – 5.  
 
The variable flow scenarios exhibit a response of salt wedge consistent with intuitive 
expectations and the constant flow results. When flows increase from 50 to 200 m3s-1 
the salt wedge position moves down-river to a location closer to Bridgewater (or 
further from New Norfolk). When the flow decreases from 50 to 20 m3s-1 the salt 
wedge moves up-river to a location closer to New Norfolk. The behaviour of the salt 
wedge under variable flows can be viewed in Animations 6 – 8. The location (as a 
distance in km from New Norfolk) where the 25 psu contour intersects the bottom as a 
function of time can be used as an indicator of the salt wedge response to the flow. 
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This is plotted at 1 day intervals (to the nearest 0.5 km) for the transient flow 
scenarios in Figure 4.1.8. 
 
The up-river movement back to the original position takes longer than the down-river 
movement for all the scenarios. This may be due to the presence of deep holes in the 
bathymetry which must be filled with salt as the wedge propagates up-river, but which 
do not impede the salt wedge progress as it moves down-river. These holes typically 
contain residual high salinity water for some time after the salt wedge recedes 
downstream, which is eventually flushed out on time-scales of 1-2 days. It can be seen 
that when flow increases, both the 50 and 100 m3s-1 initial conditions attain a position 
consistent with the 200 m3s-1 flow by day 4. The rate of movement down-river 
appears to be similar for these two cases (~4 and 3 km/day respectively). The up-river 
propagation rate is the same up to about 6.5 km from New Norfolk, then the 50 m3s-1 
initial flow appears to slow. At this location there exists a particularly deep hole 
which may hinder up-river movement at this point. Note that a ramp period of 2 days 
is used for the 50 and 100 to 200 m3s-1 flows while that of 2 hours is used for 50 to 20 
m3s-1. When the flow is decreased (to 20 m3s-1) the rate of salt wedge movement 
appears to be slower than when the flow is increased (to 200 m3s-1). The movement 
up-river in this case is particularly slow (~200 m/day compared with ~1300 m/day for 
the increasing flow scenarios). Factors influencing the propagation rate may be the 
nature of the bathymetry (presence of deep holes), proximity to the source of the river 
flow (the degree to which tidal currents are present) and magnitude of the flow 
difference. The final location of the salt wedge is the same for increasing and 
decreasing flow with an initial condition of 50 m3s-1. 
 
 
4.4.1.3 Current Speeds 
The surface and the bottom along river current speeds at Bridgewater, New Norfolk 
and U16 (approximately halfway along the estuary) are displayed in Figures 4.1.9 to 
4.1.11 respectively. These plots only constitute a segment of the neap-spring cycle, 
from 16 to 20 March 2000. Note the 10 m3s-1 scenario is not included. 
 
The surface currents at Bridgewater clearly show the influence of the tidal forcing (the 
surface elevation is included in yellow in this plot). The largest down-river currents 
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occur on the ebb tide for the 200 m3s-1 scenario (~0.8 ms-1) and the largest up-river on 
the flood tide for the low flow scenario (~0.6 ms-1). The 50 and 100 m3s-1 flow 
scenarios fall consecutively between the 20 and 200 m3s-1 flow limits. Smallest 
currents occur on the flood tide for the 200 m3s-1 scenario. These situations 
correspond to when the tide most augments and least opposes the river flow. The 
bottom currents are maximum down-river for high flows on the ebb and no clear 
correspondence is evident on the flood.  
 
At New Norfolk there is little influence of the tide at the surface, and velocities are 
largest for high flow and lowest for low flow, irrespective of the phase of the tide. 
Variability in the currents here is most probably related to wind forcing rather than the 
tide. At the bottom velocities are small and the 50, 100 and 200 m3s-1 flow scenarios 
all show a down-river current at this location. The 20 m3s-1 scenario has, however, 
currents directed upriver. This indicates that at some discharge rate between 50 and 20 
m3s-1 the baroclinic pressure gradients can overcome the barotropic gradient of the 
river head to cause up-river propagation (i.e. at some intermediate flow the salt wedge 
can propagate past the New Norfolk boundary). 
 
At station U16, which is approximately halfway along the estuary, the surface 
currents exhibit tidal influence. The flow is almost exclusively down-river in this 
case, indicating that tidal velocities have weakened and the major contributor to the 
balance of forces is the barotropic gradient from the river, modulated by the tide. 
Again largest down-river velocities are for the high flow scenarios (largest barotropic 
gradients). The bottom velocities are interesting in that the current configuration is 
reversed. On the ebb the low flow scenarios are down-river and the high flows are up-
river. Moreover the 200 m3s-1 flow is always in an up-river direction irrespective of 
the tide. This indicates that the baroclinic gradient associated with the salt wedge can 
overcome the river head and tidal pressure gradients. Specifically the tidal currents 
have weakened at this location to the point of being unable to influence flow direction 
and the salt wedge propagation can still overcome the river flow. Observation of the 
salt wedge position shows that U16 is indeed just inside the head of the wedge. The 
tidal velocities for the low flows, however, must be still strong enough to combine 
with the river flow and overcome the baroclinic pressure gradient and cause current 
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reversal on the ebb tide. These features suggest that current reversals occur closer to 
New Norfolk for low river flows. 
 
 
4.4.2 Biogeochemical Model 
4.4.2.1 Scenario Descriptions 
 
The biogeochemical model includes variables which respond to forcing on time scales 
from hours to several years. It is usually necessary to run the model for about 5 years 
under constant forcing for variables with long response times to approach steady-state 
and “forget” the initial conditions. These time scales need to be taken into account in 
using the model to assess effects of different flow regimes.  
 
For the constant flow regimes (scenarios 1 to 5, Table 2.1.1), the model was run for 5 
years with constant forcing. For each constant flow scenario, box model exchanges 
were computed from the hydrodynamic model output using inverse techniques for a 
neap-spring cycle, and these exchanges were then repeated for the 5 y simulation 
period. River loads were computed from river flow according to the relationships 
described in Section 2.4. Separate simulations were carried out under Nov-Dec and 
Mar-Apr forcing. (Note that these seasonal differences apply only to the Bridgewater 
boundary condition and the solar irradiance.) Statistics were calculated for indicator 
variables over a 30 d period spanning two neap-spring cycles at the end of the model 
run. 
 
Scenarios maintaining very low flows and loads for long periods are not realistic. In 
particular, it was noted in the ERA study (Parslow et al., 2001) that the river is a 
dominant source of refractory particulate organic carbon (POC), which settles to the 
sediment and makes a major contribution to sediment respiration and oxygen demand.  
River concentrations of POC decrease steeply with flow, and prolonged periods of 
very low flow result in greatly reduced sediment carbon content and oxygen demand. 
Because refractory POC has a long breakdown time, the actual sediment carbon 
content and oxygen demand tend to average over one or more years of river loads. 
Therefore, a more realistic sediment carbon content is likely to be produced by 
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driving the model for long periods with a river flow of 100 cumecs, close to median 
flow. 
 
To take account of the long-term carbon dynamics in a more realistic way, we have 
run a set of shorter simulations of 180 days duration for each constant flow level, 
initialised with the model state achieved at the end of the 5 y simulation with 100 
cumecs. These 180 day simulations show the transient response of the estuary to a 
change in river flow (and load) from 100 cumecs to the specified flow. Most model 
water column variables adjust to changes in flow and load rapidly, typically within 30 
d. Sediment and epibenthic variables with long response times are still adjusting after 
180 days. We have produced statistics for days 31 to 60, and 151 to 180 to contrast 
these responses. The 180 day simulations have been carried out for both Mar-Apr and 
Nov-Dec forcing. 
 
The transient flow scenarios (6,7,8) were designed to assess the transient response of 
the estuary to short-lived decreases or increases in flow. For these 30 day flow 
scenarios, the biogeochemical model is also run for just 30 days, and forced with river 
loads which vary with flow. However, it is important that these runs are initialised 
appropriately so that the predicted transients reflect the effects of the changes in flow, 
and not the initial conditions. Scenario 6, which involves a transient increase from 100 
cumecs to 200 cumecs, was initialised by the model state achieved after a 5 year  
simulation with 100 cumecs. Scenarios 7 and 8, which involve transient changes from 
50 to 200, and 50 to 20 cumecs respectively, were initialised by the model state 
achieved after 5 years with 100 cumecs followed by 60 days forcing with 50 cumecs. 
For these scenarios, the initial model water column variables have all adjusted to 50 
cumec river flow, although the sediment and epibenthic variables after 60 days are 
still adjusting to the transition from 100 to 50 cumecs. We could have initialised these 
runs with the model state achieved after 5 years forcing with 50 cumecs, and 
eliminated these slow transients. However, we thought it was more important to run 
these with “realistic” initial values for sediment and epibenthic variables. In any case, 
in these rapid transients, it is primarily the water column variables which are of 
interest. These transients are discussed further below. 
 
81 
4.4.2.2 Indicator variables 
The indicator variables chosen for presentation are given in Table 4.7. Statistical 
summaries of these variables were computed in each cell over 30 d periods 
encompassing two neap-spring tidal cycles and 2 wind cycles. Histograms were 
computed in each case: the median, 5%ile and 95%ile values are plotted here.  
 
Table 4.7. List of indicator variables. 
  
Description Abbreviation Units 
Particulate organic carbon POC mg C m-3
Dissolved organic carbon DOC mg C m-3
Dissolved oxygen DO mg O m-3
Total nitrogen TN mg N m-3
Total phosphorus TP mg P m-3
Phosphate  PO4 mg P m-3
Ammonium NH4 mg N m-3
Nitrate + nitrite NOx mg N m-3
Chlorophyll a Chla mg Chl a m-3
Suspended particulate matter SPM g m-3
Diffuse light attenuation coefficient Kd m-1
Macroalgal biomass MA g wet wt m-2
Macrophyte (‘seagrass’) biomass SG g wet wt m-2
Microphytobenthos MPB mg Chl a m-2
Sediment aerobic respiration rate Sed Resp mg O m-2 d-1
 
 
4.4.2.3 Results 
Results at the end of the 5 y runs under constant river flow are presented in Fig. 4.2.1-
15 for Nov-Dec forcing, and Fig. 4.2.16-4.2.30 for Mar-Apr forcing. To allow easy 
comparison across flow regimes, we have superimposed plots of statistical summaries 
(10, 20, 50, 100, 200 cumec) for all river flows. For water column variables, plots are 
presented in 3 panels: surface layer from upstream to downstream, bottom layer from 
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upstream to downstream, and wetlands. Box numbers on plots refer to model box  
numbers in Fig. 4.3.  
 
There is little difference in model behaviour under Nov-Dec and Mar-Apr forcing (see 
discussion below). Consequently, we have presented results for the 6 month 
simulations, initialised after 5 yr of 100 cumec river flow, for Mar-Apr conditions 
only. Statistics for the period from day 31-60 in these runs are shown in Fig. 4.2.31-
45. Statistics for the period from day 151-180 are shown in Fig. 4.2.46-60. 
 
For the flow transients (variable flow scenarios 6 to 8), we have plotted time series of 
indicator variables for boxes 1, 5, 10 and 14 in the channel (surface and bottom cells), 
and for boxes 17, 18, 21 and 22 in the wetlands. These plots are shown in Fig. 4.2.61-
4.2.108.  
 
4.4.2.4 Discussion of Results 
There are two dominant effects controlling the steady-state response of surface 
indicators to flow. The first is that river concentrations of POC, DOC, SPM, NOx, TN 
and TP all increase with flow.  The second is that the point source loads from both 
New Norfolk STP and the CES outfall at Boyer are subject to less dilution at low 
flows. The interaction between these two effects, taking into account the relative 
contribution of catchment and point source loads, explain the changes with flow in 
surface concentrations of most indicator variables. 
 
For POC, NOx and SPM, the contributions from the river dominate, and surface 
concentrations increase with flow at the upstream cell (box 1) and indeed throughout 
the channel and wetlands (Fig. 4.2.1, 8, 10). For DOC and TN, there is also a 
substantial input from CES. This results in a change in behaviour with flow at and 
downstream of the CES outfall (box 4). Upstream of the outfall, concentrations reflect 
the variation in river concentration with flow, but at the outfall, reduced dilution 
results in large increases in concentration at very low flows (10 and 20 cumecs) (Fig. 
4.4.2, 4). This effect is even more pronounced for light attenuation Kd. At very low 
flows and dilutions, the load of “colour” from the CES is sufficient to raise Kd to very 
high levels (3 to 4 m-1 or more), both in the vicinity of the outfall and downstream in 
the lower channel and wetlands (Fig. 4.2.11). 
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 For TP, NH4 and PO4, there is a significant contribution from the New Norfolk STP, 
whereas river concentrations are low and independent of flow. Consequently, 
concentrations in box 1, which receives the STP input, increase as flow and dilution 
decrease. In the case of TP, this increase in concentration disappears downstream of 
box 6, probably due to a combination of uptake and settling (Fig. 4.2.5). In the case of 
PO4, at low flows, excess PO4 persists downstream to Bridgewater and the wetlands 
(Fig. 4.2.6). NH4 from the STP at low flows is quickly removed downstream, and 
NH4 falls to very low levels under low flows, while maintaining more or less constant 
concentration at high flows (Fig. 4.2.7).  
 
This contrasting behaviour of NH4 and PO4 reflects an interaction with NOx and 
residence time, and a tendency for N rather than P limitation. At very low flows, with 
low river loads of NOx and long residence times, the model predicts that both NOx 
and NH4 will be stripped out of surface waters, so that algal growth is N-limited. At 
high flows, loads of NOx are high, residence times are very short, there is little 
change in any of the inorganic nutrients downstream, and PO4 concentrations remain 
close to the (low) river concentrations.  
 
Phytoplankton chlorophyll concentrations reflect these changes (Fig. 4.2.9). As river 
flows decrease from 200 to 50 cumecs, chlorophyll concentrations remain low, but 
increase slightly, due primarily to longer residence time. At 20 cumecs, chlorophyll 
concentrations increase substantially at upstream boxes, due primarily to longer 
residence time, and possibly higher PO4 availability. However, concentrations fall 
downstream, possibly reflecting both N limitation and increased light attenuation. 
This reduction in chlorophyll in mid-estuary is much more pronounced at 10 cumecs, 
reflecting further increases in N stress and light attenuation. 
 
Macroalgae and seagrass are both predicted to be adversely affected by long-term 
reductions in flow below median levels (100 cumecs) and seriously impacted by flows 
of 10 or 20 cumecs (Fig. 4.2.12,13). It seems likely that this is due to a combination of 
increased light attenuation, and possibly increased N-limitation, in the wetlands. The 
predicted response of MPB in the wetlands is variable, likely reflecting the fact that 
MPB tolerate lower light levels than seagrass, and are shaded by both seagrass and 
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macroalgae. MPB in the channel respond strongly to reductions in light attenuation at 
high flows. 
 
Dissolved oxygen levels in surface waters in the vicinity of the CES outfall are 
depleted further at low flows, reflecting less dilution, longer residence times and 
greater oxygen demand associated with breakdown of labile organics (Fig. 4.2.3). In 
bottom waters, dissolved oxygen upstream of box 6 is almost entirely depleted, 
creating anoxic conditions, at flows of 10 and 20 cumecs, and substantially depleted, 
creating hypoxic conditions, at 50 cumecs. Note that at 200 cumecs, the toe of the salt 
wedge is pushed downstream of box 5, and fresh water saturated with oxygen extends 
to the bottom.  
 
This effect of the retreating salt wedge at 200 cumecs on bottom concentrations is 
visible in bottom concentrations of all water column tracers. Concentrations of TN, 
TP, PO4 and NH4 in bottom waters upstream all increase with decreasing flow. 
 
The predicted response of sediment oxygen consumption rates to changes in flow may 
seem counterintuitive. In the channel, sediment oxygen consumption is controlled by 
oxygen supply rather than organic carbon content in sediments, and consumption 
increases at high flows because oxygen concentrations in the overlying bottom water 
increase. In the wetlands, dissolved oxygen concentrations in the water column are 
generally high, and increases in oxygen consumption at high flows are due to 
increased production of detritus by benthic plants. 
 
In general, long-term reductions in flow to levels of  50 cumecs or less have adverse 
environmental impacts. At 10 or 20 cumecs, the predicted effects include bottom 
water anoxia upstream, high surface PO4 and N-limitation (favouring cyanobacterial 
blooms), and serious depletion of seagrass and macroalgae in the wetlands. 
 
In the discussion so far, we have referred only to plots from the 5 y, Mar-Apr 
scenarios, but the results from the 5 y, Nov-Dec scenarios are almost identical 
(compare Fig. 4.2.1-15 with Fig. 4.2.16-30). The principal differences are associated 
with differences in marine boundary conditions in the salt wedge at Bridgewater. 
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These have some effect on bottom water concentrations, but do not change the 
important patterns of response to flow described above. 
 
Scenarios involving reductions in flow to 10 or 20 cumecs for periods of years are not 
realistic. As discussed earlier, the model estuary responds to changes in forcing on a 
range of time scales, from hours or days to years. The long-term memory in the model 
resides primarily in the refractory organic matter in sediments and in the benthic 
plants, especially seagrass. It makes more sense to consider extreme low flows (or 
high flows) as a transient perturbation from a long-term state. One way we have 
addressed this is to initialise the model with the state predicted at the end of 5 y 
forcing with median (100 cumec flows), and then consider the response of the model 
over a limited period, here restricted to 6 months, of modified flow, at 10, 20, 50, 100, 
or 200 cumecs.  
 
In analysing the results of these simulations, we have focused on the medium term 
response; i.e., on time scales of months rather than days. The response of the estuary 
to changes in flow on time scales of days is dealt with below. We will see there that 
the response of most water column variables to changes in flow is quite rapid, and that 
most variables adjust to changes in flow within 10 to 30 days. We show here statistics 
from days 31 to 60, when most water column variables have adjusted, but sediment 
and benthic variables are just beginning to respond, and from days 151 to 180, when 
the adjustment of benthic variables is generally appreciable. 
 
Comparison of Fig. 4.2.1-15 with Fig. 4.2.31-45 shows that, after 30 days of exposure 
to a given flow level, most water column concentrations are virtually 
indistinguishable from those achieved after 5 yr. Bottom water concentrations of POC 
upstream at low flows are higher after 30 d in the transient case than in the 5 y case 
(Fig. 4.2.31). River loads of POC are much higher at high flows, so that the initial 
POC content in sediments is much higher in the transient case. Although one might 
expect the higher sediment organic carbon content to result in somewhat higher 
sediment oxygen demand, bottom water oxygen concentrations and sediment 
respiration rates do not show any detectable difference in the channel upstream (Fig. 
4.2.34, 45). 
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After 30 days, macroalgal biomass already shows a substantial shift away from the 
100 cumec initial condition, towards the 5 y distribution, with higher macroalgal 
biomass at high flows, and lower biomass at low flows. By comparison, seagrass, 
which has lower growth and loss rates in the model, shows only small responses to the 
river flow after 30 days (Fig. 4.2.43 cf Fig. 4.2.13).  MPB have substantially adjusted 
to changes in river flow in the channel, but the distributions in the wetlands do not 
show a simple approach to the 5 y values (Fig. 4.2.44 cf Fig. 4.2.14). This is because 
shading by seagrass and macroalgae plays a major role in MPB dynamics. MPB are 
adjusting fairly rapidly (on time scales of weeks) to the slowly changing macroalgae 
and seagrass distributions. 
 
Comparison of results after 150 days (Fig. 46-60) with those after 30 days and 5 y 
shows no further change in most water column variables as one would expect. After 
150 d, macroalgal distributions closely approach those produced after 5 y (Fig. 4.2.57 
cf Fig. 4.2.12); i.e., the response time of macroalgae to changes in flow is of order a 
few months. In contrast, seagrass are still only responding slowly to changes in flow 
(Fig. 4.2.58 cf Fig. 4.2.13). After 150 d, MPB distributions are still affected by the 
seagrass transient, and do not resemble the distribution predicted after 5 y.  
 
Again, we have discussed only results for simulations using Mar-Apr forcing. The 
results obtained using Nov-Dec forcing do not differ significantly, and we have 
omitted plots of these results from the report. 
  
These simulations of 6 month exposure to constant flows, initialised with the estuary 
state achieved after 5 y forcing with 100 cumecs, show a rather clear separation of 
response time scales between water column variables, which for the most part adjust 
on time scales less than 30 d, and the slower benthic plants (macroalgae and seagrass) 
which respond on time scales of months to years. MPB fall somewhere in between, 
having a response time scale of weeks, but being affected by the slowly varying 
macrophytes. It is noteworthy that bottom oxygen concentrations, which one might 
expect to show some effect of long-lived refractory organic carbon pools in 
sediments, in fact appear to adjust within 30 d.  
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One might expect periods of unusually low or high river flow to last for periods of 
less than 30 d, and the remaining flow scenarios (Scenarios 6 to 8) were designed to 
investigate the response to river flow changes on time scales of days. To ensure that 
transitional circulation regimes are appropriately represented, these 30 d transient 
flow regimes were modelled explicitly using the hydrodynamic model (see Section 
4.1), and the corresponding box model transports estimated via inverse techniques and 
applied to the biogeochemical model, along with transient river loads. The results are 
presented as time series plots for selected model cells, rather than statistics. 
 
Scenario 6 involves a flow transient starting at 100 cumecs, ramped to 200 cumecs 
over 2 days, maintained at 200 cumecs for 5 days, and ramped back to 100 cumecs 
over 2 days. A flow of 100 cumecs is then maintained for the subsequent 21 days. 
There is a predicted decrease in surface salinity during the high flow transient in 
boxes 5, 10 and 14, and in the wetlands, but the effect is small compared with the 
variability observed at 100 cumecs due to wind and tide (Fig. 4.2.61). Changes in 
bottom salinity in downstream boxes 10 and 14 are quite small. Salinity drops to zero 
almost immediately in bottom waters in box 1, as the toe of the salt wedge is pushed 
downstream. However, bottom salinity only drops to zero in box 5 after 5 days, 3 days 
after the river flow reaches 200 cumecs. Box 5 represents the downstream limit of 
river flushing of bottom waters at 200 cumecs, and the salt wedge is re-established at 
box 5 with only a slight delay (less than 1 day) at the end of the transient. In contrast, 
it appears to take 5 or more days for the salt wedge to re-establish at box 1, and it is in 
fact only intermittently established until day 22. (Fig. 4.1.4 shows that, in the 
hydrodynamic model, the salt wedge is slightly displaced from the head of the estuary 
under 100 cumec flow. Averaging over boxes in the box model means that a low 
bottom salinity is predicted in box 1, but this is highly sensitive to small shifts in the 
salt wedge position.) 
 
The response of surface concentrations to flow transients is again driven by changes 
in river concentration and dilution. For POC, DOC, TN, NOx and SPM (Fig. 4.2.62, 
63, 65, 69 and 71), where the river makes a dominant contribution and river 
concentration depends on flow, surface concentrations in box 1 (the site of river input) 
rise and fall directly with river flow. For most of these variables, we see a similar rise 
and fall in concentration in downstream boxes, with a slight lag, about 1 day in the 
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wetlands. For PO4 and NH4, where the STP load into box 1 dominates, we see an 
inverse behaviour in box 1, and a lagged response downstream (Fig. 4.2.67, 68). For 
Kd, which is slightly higher in river water at high flow, but is strongly affected by 
dilution of CES colour, we see an increase in box 1 during the high flow transient, and 
a decrease downstream of box 5, due to increased dilution of CES (Fig. 4.2.72).  
 
The response of bottom concentrations to the flow transient correlates strongly with 
the salinity response. The flushing of bottom water by river water in boxes 1 and 5 
results in abrupt transients in concentrations of most variables, which reverse as the 
salt restablishes. Effects on bottom concentrations downstream (boxes 10, 14) are 
small compared with variability due to wind and tide. These conclusions apply in 
particular to dissolved oxygen (Fig. 4.2.64). DO concentrations increase to near 
saturation when river water flushes out bottom water in box 1 and 5, but return quite 
rapidly to pre-flush conditions after the salt wedge re-establishes. The time scale of 
decline in bottom oxygen after the flush event in box 5 appears to be about 2 days, a 
little longer than that for the increase in salinity, perhaps reflecting the additional time 
required for sediment respiration to reduce bottom oxygen in the re-established salt 
wedge to pre-flush levels. Note that sediment oxygen consumption is increased during 
flush events, due to increased oxygen supply (Fig. 4.2.76).  
 
As expected, changes in macroalgae and seagrass through the 30 d transient are very 
small (Fig. 4.2.73, 74). MPB biomass in some wetlands boxes shows a tendency to 
increase following the start of the flush event, and this increase is maintained after the 
flow reverts to 100 cumecs (Fig. 4.2.75). 
 
Overall, we see that, at these high flows, water column indicators respond rapidly to 
changes in flow, and these response time scales appear to be primarily physically 
controlled. Transit times through the estuary in the surface layer are very short at 
flows of 100 to 200 cumecs, and changes in river concentration propagate to the 
wetlands within a day. Changes in bottom waters are controlled by movement of the 
salt wedge toe, and in mid-estuary, this can lag changes in river flow by several days 
or more. 
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Scenario 7 involves changes in flow from 50 to 200 cumecs and back to 50, over the 
same temporal sequence as scenario 6. The response patterns are essentially similar to 
those just described for scenario 6, although the amplitude of the changes is larger. On 
the return to 50 cumec flow, the recovery of the salt wedge at box 1 is much more 
immediate and regular (Fig. 4.2.77), and this carries over into most other bottom 
concentrations. However, there is now a clear prolonged transient decline, lasting over 
10 days, in bottom DO in box 5 following the flush event. This presumably represents 
the time required for sediment respiration to draw down bottom water oxygen levels.  
 
One might expect the lag required for changes in river concentration to be seen at 
Bridgewater and the wetlands to be longer under 50 cumec river flow, but the decline 
for example in NOx in the wetlands after the high flow event (Fig. 4.2.85) appears to 
be delayed by only a day or so compared with 100 cumecs (Fig. 4.2.69).  
 
Scenario 8 involves a transition from 50 cumecs to 20 cumecs and back. This 
transition occurs abruptly over 2 hours, but the low flow period lasts 20 days. The 
response in surface salinity to this decrease in flow shows high variability and long 
lags (Fig. 4.2.94). There appears to be a gradual increase in surface salinity at 
Bridgewater and in the wetlands over the 20 day period of 20 cumec flow, possibly 
asymptoting after 15 days. In contrast, the decline in salinity following the return to 
50 cumec flow is rather abrupt, and occurs in the wetlands with a delay of only 1 day. 
Changes in bottom salinity are fairly small, even at box 1, and quite gradual, 
increasing smoothly over 20 days and declining over the last 10 days.  
 
In this scenario, changes in surface concentrations of a number of variables, such as 
POC, DOC, TN and NOx, are complicated by the fact that decreases in river 
concentration at 20 cumecs are offset downstream by decreased dilution of CES loads. 
Delays associated with the transport of increased concentrations downstream can be 
seen most clearly for PO4, where the increase in box 1 is due to reduced dilution of 
the STP load. PO4 increases slowly downstream, taking about 10 days to reach 
maximum concentrations in the wetlands (Fig. 4.2.99).  
 
In contrast, the effect of reduced dilution of the CES input can be seen clearly in the 
case of  Kd (Fig. 4.2.104). Increases in Kd at box 5 occur almost immediately, 
90 
because the reduction in river flow and surface layer velocity is propagated rapidly 
downstream, leading to rapid reductions in local dilution of CES. It then takes time 
for this increased concentration to be transported down to Bridgewater and the 
wetlands, where Kd increases over a period of about 7 days.  
 
Both NH4 and NOx are depleted over the wetlands at 20 cumecs, and this depletion 
occurs over a period of about 5 to 7 days following the reduction in river flow (Fig. 
4.2.100, 101). There is a small but consistent increase in chlorophyll concentrations in 
surface waters at Bridgewater and over the wetlands, over the 20 days of 20 cumec 
flow (Fig. 4.2.102).  
 
Dissolved oxygen declines to near-zero in box 1 over about 10 days following the 
reduction in flow to 20 cumecs, and recovers to its former level (1000 mg O m-3) over 
about 5 days following restoration of the 50 cumec flow. Dissolved oxygen also 
declines from about 2000 to 1000 mg O m-3 on similar time scales in bottom waters at 
box 5.  
 
Macroalgal biomass declines by 10 to 15% in all wetland boxes over the 20 d of 20 
cumec flow, and starts to recover following restoration of the 50 cumec flow (Fig. 
4.2.105). This is probably driven by a combination of nitrogen limitation and 
increased light attenuation. Seagrass shows a small relative decline t/out (Fig. 
4.2.106). MPB show a variable response, declining in the channel bottom at 
Bridgewater (due to increased light attenuation), and declining or remaining constant 
in the wetlands (Fig. 4.2.107). 
 
In summary, response times are generally longer for transitions from 50 to 20 cumecs, 
due to longer residence times in both surface and bottom waters. Typical response 
time scales are about 10 days for most variables in bottom waters and in waters over 
the wetlands. In particular, bottom waters upstream are predicted to become anoxic 
after about 10 days of exposure to 20 cumec flows. 
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4.4.2.5 Conclusions 
The dominant direct effects of decreased river flows on the model estuary are 
reductions in river concentrations of organic matter and nutrients, reductions in 
dilution of point source loads (New Norfolk STP and Boyer CES), and increases in 
residence time. At very low river flows of 10 to 20 cumecs, these effects are predicted 
to lead to nitrogen limitation of plant growth and excess phosphate in surface waters 
downstream, to very high light attenuation due primarily to low dilution of colour in 
the CES discharge, and to bottom water anoxia in the upstream third of the estuary. 
These conditions are not favourable (in the model) for either seagrass or macroalgae, 
and both are predicted to undergo severe decline after long-term exposure to low 
flows (months in the case of macroalgae, one or more years in the case of seagrass). 
These conditions might also be expected to favour cyanobacterial blooms, which are 
not represented in the current model. 
 
While severe impacts are predicted at 10 to 20 cumecs, 50 cumec (approximately 
5%ile) flows are predicted to result in marginal N limitation in waters over the 
wetlands, in bottom water hypoxia upstream in the estuary, and, over periods of 
months to years, approximately 50% reductions in macroalgae and seagrass biomass 
compared with median (100 cumec) flows. Thus, a reduction in long-term median 
river flows from 100 to 50 cumecs is predicted to have appreciable impacts on 
environmental quality in the estuary. 
 
Under low to median flows, the salt wedge penetrates all the way up the estuary to 
New Norfolk. High (200 cumec) flows push the salt wedge downstream from New 
Norfolk to model box 5, replacing bottom water upstream of this point with 
oxygenated river water. Transient simulations show that 200 cumec flow for 5 days, 
preceded and followed by a 2-day ramp up and down, is sufficient to flush bottom 
waters as far downstream as box 5.  Flushing of the salt wedge is delayed by about 3 
days at box 5, and restoration occurs almost immediately there, so that the ventilation 
period is reduced to about  3 days. At the head of the estuary (box 1), the salt wedge is 
displaced almost immediately, and recovery is delayed, especially under 100 cumec 
base flow, so that the ventilation period there ranges from 8 to 13 days. Once the flow 
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is reduced and the salt wedge is re-established, the model predicts that bottom water 
hypoxia upstream is also established fairly rapidly, with a lag of only 2 to 5 days. 
 
Currently, extended periods of 5%ile (50 cumec flow) are likely to occur for extended 
periods of weeks to months in dry summers. If the flow is then reduced temporarily to 
20 cumecs, most water column variables respond on time scales of about 5 to 10 days 
in both the wetlands downstream, and bottom waters upstream. Bottom water anoxia 
is established upstream after about 10 days, as are N-depletion, elevated PO4, and 
high light attenuation in waters over the wetlands. Recovery of these variables after 
restoration of 50 cumec flows is more rapid, and generally complete within 5 days.  
 
In the model, benthic plants respond slowly, and show only weak responses after 20 
days exposure to 20 cumec flows (up to 15% decline for macroalgae). Impacts of 
bottom water anoxia on benthic invertebrates are not modelled, but might be expected 
to occur on time scales of days. 
 
The model suggests that exposure to very low flows of 20 cumecs or less for periods 
of 5 to 10 days will have adverse impacts on water clarity, and on bottom water 
oxygen and benthic fauna upstream.  
 
4.4.2.6 Uncertainties in Model Predictions 
The predictions that reduced flows will lead to less dilution of point source loads, and 
longer residence times in surface and bottom waters, are considered quite robust. 
However, as noted in section 2.4, the statistical relationships between catchment loads 
and river flows are based on a limited data set. Moreover, we assume here that these 
relationships are obeyed at all time scales, and apply both to long-term steady-state 
flows and during rapid flow transients. This is unlikely to be true, and may well affect 
conclusions about model responses which are driven primarily by changes in river 
concentrations, including POC and nitrate. More sophisticated catchment models 
would be required to predict changes in river concentrations under flow transients. 
 
Parslow et al. (2001) noted that the New Norfolk STP loads are subject to 
considerable uncertainty, and that observations in the upper estuary during the ERA 
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did not show the predicted effects of estimated STP inputs. In these scenario rsults, 
the STP loads particularly drive changes in phosphate concentrations at low flows. If 
the loads are much lower than modelled, then the prediction of excess PO4 at low 
flows may be incorrect. The predictions related to impacts of CES loads, and their 
amplification at very low flows, are based on current CES loads, and would of course 
change if CES loads changed.  
 
Many of the predicted model responses are driven primarily by physical transport and 
flushing, and these are considered to be generally robust. The predicted oxygen 
consumption in bottom waters and sediments depends on assumptions about the 
sedimentation and breakdown rates of POC loads from both the catchment and CES, 
but these assumptions were supported by model calibration in the ERA study 
(Parslow et al., 2001).  
 
We have only limited direct information on the physiology and ecology of seagrass 
and macroalgae in the wetlands. While the assumed literature values did yield 
seagrass biomasses which were in good agreement with observations (Parslow et al., 
2001), this is of course no guarantee that the predicted responses to very low flows, 
outside the range used for model calibration, are correct. The prediction of increased 
light attenuation, due to reduced dilution of CES colour, is considered robust, and this 
would be expected to disadvantage seagrass, which generally have high light 
requirements compared with macroalgae and benthic microalgae. Thus, the predicted 
direction of the response is likely correct, but the magnitude of the reduction in 
seagrass biomass at very low flows should be considered highly uncertain. The 
response time of seagrass is also uncertain. While the model predicts a very slow 
response, over months to years, experiments have indicated that severe shading of 
seagrass can lead to biomass reduction or mortality on time scales of weeks to 
months. 
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Figures 4.1.1 to 4.18: Salinity distributions at varying 
flows, and salt wedge position under varying flows 
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Figures 4.1.9 to 4.11: Current speeds velocities under 
varying flows 
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Figure 4.1.1 : 10 m3s-1 River Flow 
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Figure 4.1.2 : 20 m3s-1 River Flow 
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Figure 4.1.3 : 50 m3s-1 River Flow 
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Figure 4.1.4 : 100 m3s-1 River Flow 
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Figure 4.1.5 : 200 m3s-1 River Flow 
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Figure 4.1.6 : Minimum Salt Penetration, 100 m3s-1
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Figure 4.1.7 : Maximum Salt Penetration, 100 m3s-1 
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Figure 4.1.8 : Salt Wedge Position for Variable Flows 
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Figure 4.1.9 : Along-river Current Speeds at Bridgewater 
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Figure 4.1.10 : Along-river Current Speeds at New Norfolk 
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Figure 4.1.11 : Along-river Current Speeds at U16 
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Figures 4.2.1 to 4.2.15:  
• Constant Flow Scenarios; 
• 5 yr ‘steady state’ model runs; 
• Nov-Dec forcing conditions; 
• Output variables for each model cell at each flow. 
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Figure 4.2.1 5y simulations, constant flow, Mar-Apr forcing, POC (mg C 
m-3)  
0 5 10 15
2000
4000
6000
8000
Surface
0 5 10 15
2000
3000
4000
5000
6000
Bottom
200
100
50 
20 
10 
16 17 18 19 20 21 22 23
3000
4000
5000
6000
Wetland
 
Fig 4.2.2  5y simulations, constant flow, Mar-Apr forcing, DOC (mgCm-3) 
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Fig 4.2.3 5 y simulations, constant flow, Mar-Apr forcing, DO (mg O m-3) 
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Fig 4.2.4 5 y simulations, constant flow, Mar-Apr forcing, TN (mg N m-3) 
 
104 
0 5 10 15
10
15
20
25
Surface
0 5 10 15
0
50
100
Bottom
200
100
50 
20 
10 
16 17 18 19 20 21 22 23
8
10
12
14
16
Wetland
 
Fig 4.2.5 5 y simulations, constant flow, Mar-Apr forcing, TP (mg P m-3) 
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Fig 4.2.6 5 y simulations, constant flow, Mar-Apr forcing, PO4 (mg P m-3) 
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Fig 4.2.7 5 y simulations, constant flow, Mar-Apr forcing, NH4 (mg N m-3) 
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Fig 4.2.8 5 y simulations, constant flow, Mar-Apr forcing, NOx (mg N m-3) 
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Fig 4.2.9 5 y simulations, constant flow, Mar-Apr forcing, Chla (mg Chla 
m-3) 
0 5 10 15
2
4
6
Surface
0 5 10 15
0
20
40
60
Bottom
200
100
50 
20 
10 
16 17 18 19 20 21 22 23
0
2
4
6
8
Wetland
 
Fig 4.2.10 5 y simulations, constant flow, Mar-Apr forcing, SPM (g m-3) 
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Fig 4.2.11 5 y simulations, constant flow, Mar-Apr forcing, Kd (m-1) 
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Fig 4.2.12 5 y simulations, constant flow, Mar-Apr forcing, MA (g wet wt 
m-2) 
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Fig 4.2.13 5 y simulations, constant flow, Mar-Apr forcing, Seagrass (g 
wet wt m-2) 
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Fig 4.2.14 5 y simulations, constant flow, Mar-Apr forcing, MPB (mg Chla 
m-2) 
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Fig 4.2.15 5 y simulations, constant flow, Mar-Apr forcing, Sed Resp (mg 
O m-2 d-1) 
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Figures 4.2.16 to 4.2.30:  
• Constant Flow Scenarios; 
• 5 yr ‘steady state’ model runs; 
• Mar-Apr forcing conditions; 
• Output variables for each model cell at each flow. 
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Fig 4.2.16 5 y simulations, constant flow, Nov-Dec forcing, POC (mg C 
m-3) 
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Fig 4.2.17 5 y simulations, constant flow, Nov-Dec forcing, DOC (mg C 
m-3) 
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Fig 4.2.18 5 y simulations, constant flow, Nov-Dec forcing, DO (mg O m-
3) 
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Fig 4.2.19 5 y simulations, constant flow, Nov-Dec forcing, TN (mg N m-
3) 
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Fig 4.2.20 5 y simulations, constant flow, Nov-Dec forcing, TP (mg P m-3) 
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Fig 4.2.21 5 y simulations, constant flow, Nov-Dec forcing, PO4 (mg P m-
3) 
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Fig 4.2.22 5y simulations, constant flow, Nov-Dec forcing, NH4 (mgNm-3) 
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Fig 4.2.23 5y simulations, constant flow, Nov-Dec forcing, NOx (mgNm-3) 
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Fig 4.2.24 5y simulations, constant flow, Nov-Dec forcing, Chla (mg Chla 
m-3) 
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Fig 4.2.25 5 y simulations, constant flow, Nov-Dec forcing, SPM (g m-3) 
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Fig 4.2.26 5 y simulations, constant flow, Nov-Dec forcing, Kd (m-1) 
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Fig 4.2.27 5 y simulations, constant flow, Nov-Dec forcing, MA (g wet wt 
m-2) 
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Fig 4.2.28 5 y simulations, constant flow, Nov-Dec forcing, SG (g wet wt 
m-2) 
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Fig 4.2.29 5 y simulations, constant flow, Nov-Dec forcing, MPB (mg 
Chla m-2) 
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Fig 4.2.30 5 y simulations, constant flow, Nov-Dec forcing, Sed Resp (mg 
O m-2 d-1) 
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Figures 4.2.31 to 4.2.45:  
• Constant Flow Scenarios; 
• 6 month model runs; 
• Mar-Apr forcing conditions; 
• Values at days 31-45; 
• Output variables for each model cell at each flow. 
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Fig 4.2.31 Days 31-60 (see text), Mar-Apr, POC (mg C m-3) 
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Fig 4.2.32 Days 31-60 (see text), Mar-Apr, DOC (mg C m-3) 
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Fig 4.2.33 Days 31-60 (see text), Mar-Apr, DO (mg O m-3) 
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Fig 4.2.34 Days 31-60 (see text), Mar-Apr, TN (mg N m-3) 
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Fig 4.2.35 Days 31-60 (see text), Mar-Apr, TP (mg P m-3) 
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Fig 4.2.36 Days 31-60 (see text), Mar-Apr, PO4 (mg P m-3) 
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Fig 4.2.37 Days 31-60 (see text), Mar-Apr, NH4 (mg N m-3) 
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Fig 4.2.38 Days 31-60 (see text), Mar-Apr, NOx (mg N m-3) 
 
124 
0 5 10 15
1.2
1.4
1.6
1.8
2
Surface
0 5 10 15
0.5
1
1.5
Bottom
200
100
50 
20 
10 
16 17 18 19 20 21 22 23
0
0.5
1
1.5
2
Wetland
 
Fig 4.2.39 Days 31-60 (see text), Mar-Apr, Chla (mg Chla m-3) 
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Fig 4.2.40 Days 31-60 (see text), Mar-Apr, SPM (g m-3) 
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Fig 4.2.41 Days 31-60 (see text), Mar-Apr, Kd (m-1) 
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Fig 4.2.42 Days 31-60 (see text), Mar-Apr, MA (g wet wt m-2) 
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Fig 4.2.43 Days 31-60 (see text), Mar-Apr, SG (g wet wt m-2) 
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Fig 4.2.44 Days 31-60 (see text), Mar-Apr, MPB (mg Chla m-2) 
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Fig 4.2.45 Days 31-60 (see text), Mar-Apr, Sed Resp (mg O m-2 d-1) 
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Figures 4.2.46 to 4.2.60:  
• Constant Flow Scenarios; 
• 6 month model runs; 
• Mar-Apr forcing conditions; 
• Values at days 151-180 (ca 6 months); 
• Output variables for each model cell at each flow. 
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Fig 4.2.46 Days 151-180 (see text), Mar-Apr, POC (mg C m-3) 
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Fig 4.2.47 Days 151-180 (see text), Mar-Apr, DOC (mg C m-3) 
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Fig 4.2.48 Days 151-180 (see text), Mar-Apr, DO (mg O m-3) 
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Fig 4.2.49 Days 151-180 (see text), Mar-Apr, TN (mg N m-3) 
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Fig 4.2.50 Days 151-180 (see text), Mar-Apr, TP (mg P m-3) 
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Fig 4.2.51 Days 151-180 (see text), Mar-Apr, PO4 (mg P m-3) 
 
132 
0 5 10 15
20
40
60
Surface
0 5 10 15
0
100
200
300
Bottom
200
100
50 
20 
10 
16 17 18 19 20 21 22 23
0
5
10
15
Wetland
 
Fig 4.2.52 Days 151-180 (see text), Mar-Apr, NH4 (mg N m-3) 
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Fig 4.2.53 Days 151-180 (see text), Mar-Apr, NOx (mg N m-3) 
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Fig 4.2.54 Days 151-180 (see text), Mar-Apr, Chla (mg Chla m-3) 
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Fig 4.2.55 Days 151-180 (see text), Mar-Apr, SPM (g m-3) 
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Fig 4.2.56 Days 151-180 (see text), Mar-Apr, Kd (m-1) 
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Fig 4.2.57 Days 151-180 (see text), Mar-Apr, MA (g wet wt m-2) 
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Fig 4.2.58 Days 151-180 (see text), Mar-Apr, SG (g wet wt m-2) 
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Fig 4.2.59 Days 151-180 (see text), Mar-Apr, MPB (mg Chla m-2) 
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 Fig 4.2.60 Days 151-180 (see text), Mar-Apr, Sed. Resp. (mg O m-2  
d-1) 
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Figures 4.2.61 to 4.2.76:  
• Variable Flow Scenario 6 “Median flow then 
moderate flood” -  
Initially 100 cumec, ramped up to 200 over 2 
days, constant at 200 for 5 days, ramped down to 
100 over 2 days then constant at 100 for 21 days; 
• 30 day model runs; 
• Mar-Apr forcing conditions; 
• Values through time; 
• Output variables for model cells 1, 5, 10 and 14 
in main channel and for model cells 17, 18, 21 
and 22 in wetlands. 
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Fig 4.2.61 Scenario 6, 100 / 200 cumecs, Mar-Apr, Salinity 
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Fig 4.2.62 Scenario 6, 100 / 200 cumecs, Mar-Apr, POC (mg C m-3) 
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Fig 4.2.63 Scenario 6, 100 / 200 cumecs, Mar-Apr, DOC (mg C m-3) 
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Fig 4.2.64 Scenario 6, 100 / 200 cumecs, Mar-Apr, DO (mg O m-3) 
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Fig 4.2.65 Scenario 6, 100 / 200 cumecs, Mar-Apr, TN (mg N m-3) 
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Fig 4.2.66 Scenario 6, 100 / 200 cumecs, Mar-Apr, TP (mg P m-3) 
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Fig 4.2.67 Scenario 6, 100 / 200 cumecs, Mar-Apr, PO4 (mg P m-3) 
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Fig 4.2.68 Scenario 6, 100 / 200 cumecs, Mar-Apr, NH4 (mg N m-3) 
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Fig 4.2.69 Scenario 6, 100 / 200 cumecs, Mar-Apr, NOx (mg N m-3) 
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Fig 4.2.70 Scenario 6, 100 / 200 cumecs, Mar-Apr, Chla (mg Chla m-3) 
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Fig 4.2.71 Scenario 6, 100 / 200 cumecs, Mar-Apr, SPM (g m-3) 
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Fig 4.2.72 Scenario 6, 100 / 200 cumecs, Mar-Apr, Kd (m-1) 
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Fig 4.2.73 Scenario 6, 100 / 200 cumecs, Mar-Apr, MA (g wet wt m-2) 
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Fig 4.2.74 Scenario 6, 100 / 200 cumecs, Mar-Apr, SG (g wet wt m-2) 
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Fig 4.2.75 Scenario 6, 100 / 200 cumecs, Mar-Apr, MPB (mg Chla m-2) 
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Fig 4.2.76 Scenario 6, 100 / 200 cumecs, Mar-Apr, Sed Resp (mg O m-2 d-
1) 
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Figures 4.2.77 to 4.2.92:  
• Variable Flow Scenario 7 “Summer median flow 
then moderate flood”– 
Initially 50 cumec, ramped up to 200 over 2 
days,constant at 200 for 5 days, ramped down to 
50 over 2 days then constant at 50 for 21 days; 
• 30 day model runs; 
• Mar-Apr forcing conditions; 
• Values through time; 
• Output variables for model cells 1, 5, 10 and 14 
in main channel and for model cells 17, 18, 21 
and 22 in wetlands. 
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 Fig 4.2.77 Scenario 7, 50 / 200 cumecs, Mar-Apr, Salinity 
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Fig 4.2.78 Scenario 7, 50 / 200 cumecs, Mar-Apr, POC (mg C m-3) 
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Fig 4.2.79 Scenario 7, 50 / 200 cumecs, Mar-Apr, DOC (mg C m-3) 
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Fig 4.2.80 Scenario 7, 50 / 200 cumecs, Mar-Apr, DO (mg O m-3) 
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Fig 4.2.81 Scenario 7, 50 / 200 cumecs, Mar-Apr, TN (mg C m-3) 
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Fig 4.2.82 Scenario 7, 50 / 200 cumecs, Mar-Apr, TP (mg P m-3) 
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Fig 4.2.83 Scenario 7, 50 / 200 cumecs, Mar-Apr, PO4 (mg P m-3) 
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Fig 4.2.84 Scenario 7, 50 / 200 cumecs, Mar-Apr, NH4 (mg N m-3) 
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Fig 4.2.85 Scenario 7, 50 / 200 cumecs, Mar-Apr, NOx (mg N m-3) 
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Fig 4.2.86 Scenario 7, 50 / 200 cumecs, Mar-Apr, Chla (mg Chla m-3) 
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Fig 4.2.87 Scenario 7, 50 / 200 cumecs, Mar-Apr, SPM (g m-3) 
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Fig 4.2.88 Scenario 7, 50 / 200 cumecs, Mar-Apr, Kd (m-1) 
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Fig 4.2.89 Scenario 7, 50 / 200 cumecs, Mar-Apr, MA (g wet wt m-2) 
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Fig 4.2.90 Scenario 7, 50 / 200 cumecs, Mar-Apr, SG (g wet wt m-2) 
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Fig 4.2.91 Scenario 7, 50 / 200 cumecs, Mar-Apr, MPB (mg chla m-3) 
 
0 5 10 15 20 25 30
0
20
40
60
80
100
120
Bottom
box 1 
box 5 
box 10
box 14
0 5 10 15 20 25 30
40
60
80
100
Wetland
box 17
box 18
box 21
box 22
 
Fig 4.2.92 Scenario 7, 50 / 200 cumecs, Mar-Apr, Sed Resp (mg O m-3 d-1) 
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Figures 4.2.93 to 4.2.108:  
• Variable Flow Scenario 8 “Summer median flow 
then low flow event”– 
Initially 50 cumec, ramped down to 20 over 2 
hours, constant at 20 for 20 days, ramped up to 
50 over 2 hours then constant at 50 for 10 days. 
• 30 day model runs; 
• Mar-Apr forcing conditions; 
• Values through time; 
• Output variables for model cells 1, 5, 10 and 14 
in main channel and for model cells 17, 18, 21 
and 22 in wetlands. 
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Fig 4.2.93 Scenario 8, 50 / 20 cumecs, Mar-Apr, Salinity 
0 5 10 15 20 25 30
200
400
600
800
Surface
box 1 
box 5 
box 10
box 14
0 5 10 15 20 25 30
400
600
800
1000
1200
1400
Bottom
box 1 
box 5 
box 10
box 14
0 5 10 15 20 25 30
150
200
250
300
Wetland
box 17
box 18
box 21
box 22
 
Fig 4.2.94 Scenario 8, 50 / 20 cumecs, Mar-Apr, POC (mg C m-3) 
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Fig 4.2.95 Scenario 8, 50 / 20 cumecs, Mar-Apr, DOC (mg C m-3) 
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Fig 4.2.96 Scenario 8, 50 / 20 cumecs, Mar-Apr, DO (mg O m-3) 
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Fig 4.2.97 Scenario 8, 50 / 20 cumecs, Mar-Apr, TN (mg N m-3) 
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Fig 4.2.98 Scenario 8, 50 / 20 cumecs, Mar-Apr, TP (mg P m-3) 
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Fig 4.2.99 Scenario 8, 50 / 20 cumecs, Mar-Apr, PO4 (mg P m-3) 
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Fig 4.2.100 Scenario 8, 50 / 20 cumecs, Mar-Apr, NH4 (mg N m-3) 
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Fig 4.2.101 Scenario 8, 50 / 20 cumecs, Mar-Apr, NOx (mg N m-3) 
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Fig 4.2.102 Scenario 8, 50 / 20 cumecs, Mar-Apr, Chla (mg Chla m-3) 
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Fig 4.2.103 Scenario 8, 50 / 20 cumecs, Mar-Apr, SPM (g m-3) 
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Fig 4.2.104 Scenario 8, 50 / 20 cumecs, Mar-Apr, Kd (m-1) 
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Fig 4.2.105 Scenario 8, 50 / 20 cumecs, Mar-Apr, MA (g wet wt m-2) 
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Fig 4.2.106 Scenario 8, 50 / 20 cumecs, Mar-Apr, SG (g wet wt m-2) 
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Fig 4.2.107 Scenario 8, 50 / 20 cumecs, Mar-Apr, MPB (mg Chla m-2) 
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Fig 4.2.108 Scenario 8, 50 / 20 cumecs, Mar-Apr, Sed Resp (mg O m-2 d-1) 
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Chapter 5. Minimum Environmental Flows 
5.1 Approach 
The approach taken to defining minimum EF’s for the lower River Derwent was to 
conduct an assessment of: 
• habitat-flow relationships for  the dominant instream faunal taxa; 
• wetted area-flow relationships to assess bed exposure and risk of channel 
invasion by willows. 
 
No attempt has been made to develop relationships between geomorphological 
processes and river flows, due to limited resources.  However, consideration is given 
to these risks when considering minimum flows (see later sections). 
 
For the upper Derwent estuary, minimum flows were defined by evaluating the 
relationship between model outputs for key variables and river flow at steady state (5 
yr) and ‘seasonal’ (1 to 6 month) response time scales. Summary plots of relationships 
between key estuarine variables and flow are derived and then evaluated in 
conjunction with minimum EF’s derived for the river. 
 
The riverine analysis was subject to a risk assessment, in the manner described by 
Davies and Humphries (1995) and Davies et al. (2001).  
 
5.2 Methods – River 
5.2.1 Habitat  survey and analysis 
Following initial examination of the dominant habitats in the lower Derwent, the 
minimum flow assessment was based on the flow requirements of the habitats and 
associated biota in those sections most sensitive to flow change. This was largely 
dictated by resource limitations (time) for the study, but follows approaches used for 
the South Esk basin and Gordon River assessments (Davies and Humphries 1995, 
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Davies et al. 2001). The habitat selected for minimum flow assessments was therefore 
riffle-rapid, which constitutes a significant portion of the overall channel habitat (ca 
40% at median to low flows). Minimum EF assessments for riffle-rapid habitats are 
assumed to provide satisfactory outcomes for the remaining, deeper water habitats 
(runs and pools). Snag habitats were sparse throughout the channel, largely limited to 
areas of remaining native riparian vegetation. No assessment was done of the 
minimum flow requirements of these habitats, whose habitat value for instream fauna 
is known to be sensitive to  baseflow changes (Humphries et al. 1996). 
 
Six large riffle-rapid reaches were initially selected for field assessment, distributed 
throughout the lower River Derwent, and lying within each dominant 
geomorphological zone. Logistical and safety constraints for field assessment of 
hydraulic conditions across the channel were significant. This was largely a product of 
the inability to make observations (which involve boating, wading and diving) at 
flows lower than 30 cumec, due to operational constraints for releases at the 
Meadowbank power station and dam. As a result, field assessments could not be 
conducted safely or comprehensively at study sections 1 or 6. Field data collection 
was successfully completed in the remaining reaches using transects D3, D4, D5, D6, 
D7, D9 and D13 (Figure 5.1). It is felt that this represents an adequate and 
representative sample of riffle-rapid habitats across a range of geomorphic zones 
within the lower River Derwent. Analysis is therefore restricted to these sections and 
zones for the final minimum EF assessmen. 
 
Transects were established perpendicular to the channel at the above seven locations. 
Each transect was established with a datum (‘head’) peg in the form of a steel star-
stake from which all measurement of channel elevations and distance offsets were 
fixed. All offsets were measured using a fixed rope and tape, with occasional 
observations made using range-finding binoculars. At each site, bed elevations were 
measured at 1 – 4 m intervals, depending on variability in elevation, measured from 
the headpeg. This included measurement of elevations for both banks. In addition, at 
each of the same offsets, depth and mean water column velocity were measured on 
one occasion, at a known, constant discharge (typically between 30 and 60 cumec). 
Substrate composition was also codified for each offset suing a modified Wentworth 
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scale and standard descriptors, with % composition recorded for the area 4 m2 centred 
on the offset point. 
 
River height relative to the headpeg datum was surveyed at the time of the above 
observations. For each transect, between 2 and 4 additional observations were made 
of river height (stage) at known, constant discharges in order to establish a rating 
curve over the flow range 20 – 200 cumec. 
 
 
 
D3 
D4 D5
D6
D7 
D9
D13
 
Figure 5.1. Map of lower Derwent River showing location of geomorphic 
zones (coloured river sections, see Chapter 4) and of minimum EF 
assessment transects (red lines). 
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Transect data were entered on Excel spreadsheets in the format required for hydraulic 
modelling using the RHYHAB package (Jowett 1997). All transect details were 
checked prior to simulation by: 
• checking that substrate scores for each offset summed to 100%; 
• checking rating curve form; 
• checking for any outlying velocity and depth values; 
• conducting the standard RHYHAB data check routine and correcting any file 
errors accordingly; 
• simulating velocities for discharges at which additional velocity observations 
had been made and cross-checking values (following the adjustment of 
velocity distribution factor, vdf,  values at channel margins). 
 
5.2.2 Habitat preference data 
Macroinvertebrates 
One set of quantitative surber samples (500 micron mesh) were collected from 32 
locations at measured offsets across one riffle-rapid transect site. Site D4 was selected 
for sampling as being broadly representative in general reach characteristics, substrate 
and channel form of the remaining riffle-rapid habitats within the lower River 
Derwent. Samples were collected over the entire channel width at locations which 
represented the full range of predominant substrate, depth and velocity conditions 
within the channel. 
 
All samples were preserved prior to processing in the laboratory. Samples were 
sorted, after elutriation with a saturated calcium chloride solution, in their entirety, 
with the exception of several large samples which were sorted following sub-sampling 
to 20% using a Marchant box sub-sampler. All samples were hand-sorted and 
identified under magnification to family level, with the dominant families (excepting 
worms and diptera) identified further to genus/species level.  
 
These data were entered into an Excel spreadsheet, and only taxa which complied 
with minimal requirements for developing habitat preference curves (taxa occurring in 
> 10 samples with a total abundance > 15) were analysed further. Prior to developing 
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curves, all data was standardized to the same % subsample level using the Virtual 
Marchant sub-sampler (Walsh 1997). 
 
Velocity and depth data were derived for each sampling location by conducting a 
RHYHAB simulation for transect D4 at the median mean daily discharge calculated 
for the month immediately prior to sampling. These data were therefore representative 
of the average flow conditions for the period leading up to sampling. They were used 
in preference to velocity and depth data observed at the flow on the day of sampling, 
which was not representative of antecedent conditions. 
 
Habitat preference curves were then prepared from the set of Surber-sampled data, as 
well as substrate data and simulated velocity and depth data for each sample offset, in 
a standard manner (Bovee 1986, Stalnaker et al. 1995, Humphries et al. 1996). 
 
Habitat preference curves were generated for the following taxa: Ferrissia  tasmanica, 
Glyptophysa sp., Austropyrgus sp., Austrogammarus multispinosus, Paraphreatoicus 
relictus, Tasmanocoenis tonnoiri, Baetidae Genus 2 sp. MV 6, Conoesucus norelus, 
Helicopsyche murrumba, Cheumatopsyche sp. AV 4, Asmicridea sp. AV 1, Simsonia 
sp. (adults), Simsonia augusta, Simsonia leai, Kingolus aeratus, Oligochaeta, 
Hydaracarina Chironominae, Orthocladiinae, Simuliidae, Austrosimulium Pupae. In 
addition, curves were developed for the total number of taxa and the total abundance 
of all macroinvertebrates, these latter developed using data for all taxa in the sample 
set. 
 
Fish and platypus 
Habitat preference data was used from existing sources for platypus (Davies et al. 
2000) and for the following fish species: shortfin eel (Anguilla australis), lamprey 
(Geotria australis) ammocoetes, common jollytail (Galaxias maculatus) and adult 
and spawning brown trout (Salmo trutta). 
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5.2.3 Habitat-flow analysis 
Habitat-discharge (WUA-Q) curves were developed for all biological variables for the 
seven study sites, combined as one overall reach. Hydraulic simulation was conducted 
over the flow range 0.1  - 200 cumec using RHYHAB.  
 
5.2.4 Minimum flow risk analysis 
In order to derive a minimum environmental flow for the lower Derwent, we used the  
risk-assessment approach described by Davies and Humphries (1995). This involved a 
risk assessment of habitat loss for key taxa, relative to a reference flow for each 
month of the year. 
 
A ‘reference’ flow was required against which to assess changes in habitat and hence 
risks to biota. With the aim of maintaining instream habitat under the current, 
modified, conditions, a reference discharge was selected which represented median 
habitat conditions occurring over the last 20 years. A grand median mean daily flow 
was calculated for each month derived from the last 20 years of record (late 1981 - 
late 2001). Average monthly flows are believed to unduly bias reference flows 
upwards.  
 
Mean daily flows are used throughout this analysis. It should be noted that mean daily 
flows average out the substantial within-day variation in flows caused by power 
station operations (Figure 1.5). While this is a potentially significant issue in relation 
to risks of bank erosion from saturation-slumping processes (see Chapter 4), we have 
assumed that: 
• the biota in this highly modified system are already adapted to the existing 
level of daily flow fluctuation and that mean daily flows adequately represent 
the ‘average’ hydraulic environment experienced by them; 
• management of flow ramping rates on hourly time scales for the minimisation 
of bank erosion risk would be the subject of a separate, detailed process study 
(see recommendations in Chapter 7). 
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The grand median monthly flows for the lower River Derwent below Meadowbank 
used as the basis for reference flows are shown in Table 5.1. There is little variation in 
flows between January and March, and also for July to October. This is largely a 
product of the regulation of both low and high flows by the power station. The median 
flows were therefore averaged for these two periods. The final reference flows are 
also shown in Table 5.1. 
 
Using the approach described by Davies and Humphries (1995), the following 
analysis was conducted for the entire reach: 
 
1) Reference flow selection 
The reference flow was selected for each month (as in Table 5.1 below). 
 
2) Habitat change 
A series of nominal flows at 5 cumec intervals between 0.1 cumec and 200 cumec 
were selected for simulation.  
 
The % deviation of habitat availability (WUA) at the nominal flow from the WUA at 
the reference flow for that season was then calculated using the following formula: 
 
%DelHA = 100*(WUAQnom/WUAQref ) 
 
where WUAQnom = WUA at the nominal discharge and WUAref = WUA at the 
reference flow. 
 
This was done for all the taxa and biological ‘values’ listed above, including 
macroinvertebrates, platypus and fish.  
 
Separate sets of % DelHA values were calculated for each month. 
 
3) Risk categories 
Each value of habitat deviation ( %DelHA) was converted to a risk category, 
according to the criteria established by Davies and Humphries (1995) for individual 
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taxa, as shown in Table 5.2. For this analysis, the risk being assessed is the risk of 
failure to maintain biota due to loss of habitat availability relative to reference flow 
conditions. Unlike the approach reported in Davies and Humphries (1995), the results 
for individual taxa were kept separate. 
 
 
 
 
Table 5.1. Grand median and final reference flows (cumec) for the River 
Derwent below Meadowbank used in the minimum environment 
flow risk assessment. 
 
Month Grand median Q 20%ile 80%ile Ref Q's used
Jan 61.28 44.25 86.08 58.21
Feb 56.50 35.11 77.44 58.21
Mar 56.85 39.87 74.04 58.21
Apr 67.87 48.65 103.63 67.87
May 84.54 63.90 119.51 84.54
Jun 101.36 76.32 144.79 101.36
Jul 127.08 88.30 183.12 130.00
Aug 133.90 97.23 236.02 130.00
Sep 134.55 97.99 205.56 130.00
Oct 124.44 86.05 205.16 130.00
Nov 94.60 70.24 137.42 94.60
Dec 74.30 54.19 103.44 74.30  
 
 
172 
Table 5.2. Risk categorisation criteria for biological values in the lower 
River Derwent and values for %DelHA i.e. % remaining WUA under 
nominal flow cf reference flow. 
 
Risk category 
I II III IV 
Minimal risk 
or beneficial 
Moderate risk High risk Very high risk 
 
> 85% of 
habitat under 
reference flow 
 
60 – 85% of 
habitat under 
reference flow 
 
30 - 60% of 
habitat under 
reference flow 
 
 
< 30% of 
habitat under 
reference flow 
 
 
4) Overall risks and recommended minimum flows 
A final risk assessment for each nominal discharge was conducted by taking the 
lowest risk score (lowest value of %DelHA across all biological variables) as the 
overall risk.  
 
This is a deliberately inherently conservative approach, in order to minimise risk to 
the biota. All biological variables were treated equally in this approach. Trade-off 
between risk levels for different biological values in the absence of specific 
management targets favouring particular species/biotic groups is an inherently 
subjective and semi-arbitrary process and is avoided here. However, plots of %Del 
HA for the taxa with the lowest %DelHA values were made to illustrate their relative 
contribution to the overall risk assessment. 
 
The lowest discharge associated with risk band I (minimal risk) is the recommended 
minimum mean daily flow in each month. This recognizes both: 
• the desire for no additional environmental risk over and above the existing 
impacts of hydroelectric flow regulation (possible constraints on which will be 
explored in Chapter 7); and 
• the recognition that actual flows fall below this level in some years. 
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 5.3 Results 
5.3.1 Minimum flow assessment -  Lower River Derwent 
RHYHAB simulation was conducted successfully for all seven transect data sets, with 
good general agreement between simulated and measured velocities at discharges 
other than values at which ratings were conducted (all r2 > 0.75  by correlation). 
Strong habitat preferences for velocity and depth were observed for a number of 
macroinvertebrate taxa. Individual habitat preference data is provided in Appendix 1.  
 
The pattern of median and resulting final reference flows is shown in Figure 5.2, and 
the values are presented in Table 5.3. Note the seasonal pattern with flatter flows  
during summer-autumn and winter. 
 
The results of the risk assessment are shown in Figure 5.3, compared with the 
reference flow. The differences between the median flows and the minimal risk 
environmental flow are small relative to the medians. This reflects the strong flow-
dependence of the instream biota present in the lower River Derwent. 
 
The values of the monthly mean daily minimum flows for three levels of risk are 
shown in Table 5.4. 
 
Figure 5.5 shows the shape of the curves defined by the relationship between 
%DelHA and discharge, for each month. Overall, the curves are steep and acute 
around the reference flow (which occurs at the 100% peak for each curve in Figure 
5.6).  
 
The taxa showing the greatest sensitivity to changing flows were generally consistent 
between months, with only slight variation. Figure 5.6 illustrates the curves for the 
taxa showing the greatest sensitivity to flow changes around the reference flow. They 
include the limpet Ferrissia, the snail Glyptophysa and adult and larval elmid beetles 
of the genus Simsonia. 
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Figure 5.2. Plot  of median monthly flow at Derwent below Meadowbank 
for 1981-2001 (thick line), and the final reference flows (dotted 
line) used in the minimum flow risk assessment. 20 and 80 
percentile flows are also shown (thin lines). 
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Table 5.3. Median, 20 and 80 percentiles of mean daily flows for the 
period 1981-2001 (cumec), and the final reference flows used for the 
minimum flow risk assessment analysis. 
 
Month Grand median Q 20%ile 80%ile Ref Q's used
Jan 55.02 38.27 73.96 52.40
Feb 49.33 30.11 68.30 52.40
Mar 49.78 32.09 64.65 52.40
Apr 59.73 41.38 81.90 52.40
May 70.87 55.31 96.16 70.87
Jun 85.88 65.91 112.88 85.88
Jul 102.83 73.81 143.21 105.52
Aug 108.81 80.88 179.77 105.52
Sep 108.20 82.80 158.12 105.52
Oct 101.26 71.18 156.38 105.52
Nov 80.25 60.04 108.52 80.25
Dec 64.01 45.73 86.56 64.01  
 
Table 5.4. Values of minimum  environmental flow for the lower River 
Derwent at three levels of environmental risk (cumec). 
 
Month Minimal Risk Moderate Risk Moderate - High  Risk
Band I, lower bound Mid Band II Band II bound
Jan 50 47.5 45
Feb 50 47.5 45
Mar 50 47.5 45
Apr 61 53 45
May 71 63 55
Jun 91 78 65
Jul 102 91 80
Aug 102 91 80
Sep 102 91 80
Oct 102 91 80
Nov 82 71.5 61
Dec 66 58 50
Annual 
Median 76.5 67.3 58.0  
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Figure 5.3. Results of the minimum environmental flow risk assessment 
of the Lower River Derwent. Reference flows are shown as the 
upper bold dotted line (medians as the fine dotted line). The light 
and dark grey areas represent the flow ranges for moderate and 
high environmental risk, respectively. The upper solid bold line 
represents the recommended minimum ‘minimal’ risk 
environmental flow. The bold dashed line represents mid-
moderate risk flows. 
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Figure 5.4. Plots of minimum %DelHA in the lower River Derwent against 
discharge for each month. Horizontal dashed lines indicate lower 
bounds of risk bands indicated by roman numerals. Note acute 
nature of peaks, indicating strong flow-sensitivity of habitat for 
aquatic fauna. 
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Figure 5.5. Plot of %Del HA against discharge for those taxa with the 
lowest %DelHA around the reference flow. 
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5.3.2 Minimum flow assessment -  upper Derwent estuary 
5.3.2.1 Results of modeling responses to flows 
Results of the modeling are both multivariate and time dependent. Details of the 
response to flows are presented in Chapter 4. A number of key responses to flow are 
summarised in Figures 5.6 to 5.9. These have been selected as indicators of key 
estuarine environmental variables, as follows: 
 
DO 
Minimum DO at surface Suitable conditions for fish and fish migration 
Minimum DO at bottom Conditions for benthic macroinvertebrates 
Length of estuary Conditions for both fish and macroinvertebrates 
with low DO (< 4mg/l) 
 
Phosphate 
Maximum Potential for P enrichment within upper estuary 
Value at Bridgewater Potential for P enrichment downstream 
 
Chla 
Maximum Potential for enhanced phytoplankton growth in upper 
estuary 
 
MPB 
Total biomass Change in MPB biomass across estuary and in wetlands 
 
SG and MZ 
Total biomass Change in total ‘seagrass’ and macroalgal biomass. 
 
 
While most physico-chemical variables grade smoothly in value with discharge across 
the 10-200 cumec range, a significant change is apparent below 50 cumec in the 
pattern of light availability, nutrients and plant biomass. Essentially, this represents 
the point at which the estuary shifts from a river flow dominated to a tide and wind 
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dominated system, with substantial differences in internal transport and nutrient 
cycling rates. Low flows (20 cumec or less) are characterized by strong light 
limitation (high Kd) due to the poor dilution of Boyer effluent, which is highly 
coloured, combined with low nitrogen availability (which becomes more dependent 
on the New Norfolk WWTP nutrient loads). High flows are characterised by high 
estuarine N availability mainly from river N loads, and higher water clarity. 
 
Figure 5.6 shows the key responses for DO.  Minimum DO at the surface shows no 
relationship with flow, and remains high at all times. The potential for a significant 
low DO barrier to fish migration is therefore low at all flows.  
 
Minimum DO on the bottom  has a strong positive correlation with flow (Figure 5.6). 
Modelled values typically fall between 1.5 and 3.5 mg/l (between the 20 and 80 
percentile flows of 67 and 129 cumec, respectively). These conditions are typical 
throughout the upper toe of the salt wedge, and are believed to be partially responsible 
for the depauperate nature of the benthic macroinvertebrate communities in the upper 
estuary (Moverley and Garland 1995, Aquenal 2001). 
 
The length of estuary in which bottom waters fall below 4 mg/l (a threshold value for 
fish survival and/or migration, see ANZECC 1992, 2001), is strongly flow dependent. 
It rises rapidly as flows rise from 10 to 20 cumec, but shows little response to higher 
flows, plateauing between 20 and 200 cumec. There is therefore no significant 
additional ameliorative action of flows above 20 cumec in improving overall benthic 
oxygen conditions for fish. Thus, under the existing flow regime, there is no overall 
change in these conditions. 
 
Figure 5.7 shows the modelled respones of phytoplankton biomass (as chlorophyll a), 
and of bioavailable phosphate to flow. Phytoplankton biomass shows little response, 
being limited by nutrients and light at low flows, and by low residence times at high 
flows (see Chapter 4). Phosphate, though low, shows a marked increase at low flows, 
particularly < 20 cumec.  Both the maximum and the most downstream values are 
significantly higher at 10-20 cumec. This, together with the nitrogen limitation 
evident at these flows (see Chapter 4) and reduced surface turbulence (and hence 
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downward mixing of algae), implies a potential for greater risk of blue-green algal 
blooms in the estuary downstream of the study area at low flows. 
 
Little response is shown in MPB biomass to flow (Figure 5.8), with light and nutrient 
limitation occurring at low flows, and shading by seagrasses and macroalgae at higher 
flows. 
 
A much stronger response to flow is observed for macroalgae and seagrass (Figure 
5.9), both of which are favoured at higher flows with higher nitrogen loads and light 
availability. 
 
Much of the modeled algal and seagrass response is driven by light availability, 
which, particularly for the wetlands, is greatly reduced at river flows less than 50 
cumec (see Figure 5.10).  
 
Overall, these results indicate the sensitivity of estuarine responses to: 
• nutrient loads from the catchment (at high flows) and local, point sources (at 
low flows); 
• light availability, controlled by river water colour (at high flows) and Boyer 
CES effluent colour (at all flows, but particularly at low flows). 
 
All of these controlling factors are subject to considerable variability and a degree of 
error (see Chapter 4). However, we believe the degree of realism in these inputs is 
sufficient for the comparative nature of this study. 
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Figure 5.6. Key DO related variables plotted against flow in the upper 
Derwent estuary. Solid line indicates historical median mean daily 
flow, arrows indicate range of monthly ‘minimal’ risk 
environmental  flows. 
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Figure 5.7. Dissolved phosphate (maximum value, and value at 
Bridgewater) and maximum water column chlorophyll plotted 
against flow in the upper Derwent estuary.  
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Figure 5.8. Total and wetland microphytobenthos biomass plotted 
against flow in the upper Derwent estuary. Solid line indicates 
historical median mean daily flow, arrows indicate range of 
monthly ‘minimal’ risk environmental  flows. 
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Figure 5.9. ‘Seagrass’ and macroalgal biomass plotted against flow in 
the upper Derwent estuary. Solid line and arrows as above; dotted 
line indicates annual ‘minimal’ risk median environmental flow, 
indicate range of monthly ‘minimal’ risk environmental flows. 
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Figure 5.10. Values of Kd for different locations (cells and habitats) 
within the upper Derwent estuary for four different flows (in 
cumec). Note significant rise in Kd at 20 and 10 cumec in surface 
and wetland water, indicating substantial reduction in available 
light due to low dilution of Boyer effluent.  
 
 
5.3.2.2 Integration of riverine and estuarine minimum environmental 
flows 
The minimum environmental flows derived from the riverine risk assessment were 
applied to the key modeled estuarine outputs in order to assess the degree of change 
from current estuarine conditions for each of the river-derived minimum 
environmental flows. The medians of mean daily flows were used for this analysis. 
 
Table 5.5 shows the % change in each of the estuarine variables for each set of 
minimum environmental flows derived from the riverine risk analysis at minimal, 
moderate and moderate-high risk levels. 
 
184 
Changes were minimal (<3%) for several indicators under all flow risk scenarios - 
minimum surface DO, the length of estuary benthic waters exposed to low DO, 
phytoplankton biomass, MPB biomass. These indicators show little response to flow 
over the flow ranges shown in Table 5.4.  
 
Minimum bottom water DO showed declines of between 20 and 48% across the three 
flow risk scenarios. However, the annual variation in minimum DO below the 
halocline is very large (>500%), these changes are not substantial. 
 
Phosphate varies considerably across the three risk scenarios, driven by the increase at 
low flows illustrated in Figure 5.7. While, the increases for the moderate-high risk 
level are substantial (up to 45%), the magnitude of phosphate levels is generally low 
at flows above 20 cumec. In general, the estuary is predicted to be P limited at flows 
from around 50 cumec and up. The minimal and moderate risk flow scenarios 
therefore present a low risk of P enrichment and downstream algal effects. 
 
Seagrass biomass is markedly affected by the minimum EF scenario selected, with 
reductions of around 32-35% predicted for the moderate to high risk flows (Table 
5.5). The minimal risk flow scenario is predicted to cause a small decline in seagrass 
biomass (ca 10-15%), though probably within the uncertainty of estimates of biomass 
generated by the model (se Chapter 4). However, the light tolerances used in the 
modeling were those relevant to typical true seagrass species such as Heterozostera. 
True seagrasses no longer occur in the upper estuary, which is dominated by Ruppia. 
Ruppia has much lower light tolerances than other seagrasses, and is likely that it has 
been favoured and become well established in the upper estuary in part due to the low 
light conditions available to other species. Heterozostera occurs only as far upstream 
as Dogshear Point, and is believed to have reduced its extent in the middle and upper 
estuary (Jordan pers. comm.).  
 
It is likely therefore, that if  the lower light tolerances of Ruppia had been used in the 
upper Derwent estuary model, that the response to flow would have been much flatter, 
with a significantly lower decline at reduced flows (as light availability reduces). In 
that case, the forecast reduction under the minimal risk flow scenario would be less 
than the 10-15% currently predicted. The minimal risk flow scenario appears to  
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Table 5.5. % change in key estuarine variables relative to the historical 
median flow for the three minimum EF scenarios derived from the 
riverine risk analysis. ‘Median’ = the overall long term change 
calculated from the annual median of historical and environmental 
flows. ‘Maximum’ = the maximum % change within any one year. 
 
% change from Q median
Variable Risk* Median Max
DO
minimum, bottom Minimal -20.43 -22.34
Moderate -33.98 -34.69
Moderate-High -46.71 -48.33
minimum, surface Minimal -0.11 -0.24
Moderate -0.19 -0.33
Moderate-High -0.27 -0.43
estuary length with Minimal -0.87 -1.33
bottom DO <4mg/l Moderate -1.57 -1.95
Moderate-High -2.37 -2.65
PO4
maximum Minimal 12.73 20.23
Moderate 24.32 31.11
Moderate-High 39.10 44.59
at downstream end Minimal 9.72 15.34
Moderate 18.36 23.34
Moderate-High 29.13 33.05
Phytoplankton
maximum chla Minimal 0.95 1.47
Moderate 1.74 2.17
Moderate-High 2.65 2.96
MPB
Total biomass Minimal -0.65 -0.98
Moderate -1.17 -1.44
Moderate-High -1.78 -1.96
Wetland biomass Minimal 0.58 1.11
Moderate 1.01 1.59
Moderate-High 1.45 2.08
Seagrass
Total biomass Minimal -11.67 -14.84
Moderate -21.17 -22.58
Moderate-High -31.69 -34.85
Macroalgae
Total biomass Minimal -7.98 -9.83
Moderate -14.50 -15.33
Moderate-High -21.99 -24.18  
* risk is as defined for the river. 
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Figure 5.11. Distribution of habitat types, upper Derwent estuary in the 
vicinity of Limekiln Point (above) and Bridgewater causeway 
(shown as black line), below. Note extensive area of macrophyte 
(dominated by Ruppia) on both sides of channel. From Jordan et 
al. (2001). 
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Figure 5.12. Distribution of habitat types, upper Derwent estuary in the 
vicinity of Green Point, downstream of Bridgewater. Note 
extensive area of macrophyte (dominated by Ruppia) on both 
sides of channel. From Jordan et al. (2001). 
 
provide adequate protection for the upper estuary Ruppia communities, and by 
inference, for the entire community within the estuary between Green Island and 
Green Point (see Figures 5.11 and 5.12). 
 
Macroalgal biomass is marginally reduced under the minimal risk flow scenario, but 
shows a significant response at higher risk flows (Table 5.5). Macroalgal biomass is 
known to vary substantially within short and seasonal time frames within the upper 
estuary (Aquenal 2001), and the predicted change is likely to fall within both that 
variation and within model uncertainties of model biomass prediction. 
 
5.3.2 Management of minimum flows at less than daily time scales 
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The analyses con ducted here have all been based on the use of mean daily flows. We 
have shown (Chapter 1) that there is considerable artificial variation in flows at hourly 
time steps due to diurnal fluctuations in Meadowbank power station outputs. This 
poses considerable risks of enhanced bank erosion, and also impacts on habitat 
suitability for instream biota (and recreational users of the river!). 
 
The minimum EF regime proposed here is predicated on the historical range of within 
daily flow variation not being exceeded. This raises several issues: 
• minimum power station flows, currently maintained at 20-30 cumec, if 
reduced further would have the potential for substantial instream 
environmental impacts; 
• power station shutdowns, if accompanied by periods of prolonged low flows 
(ie in the range 20 -30 cumec) are likely to have significant environmental 
impacts both within the river and within the estuary (see Chapter 4, transient 
flow scenario 7), particularly in summer.  
 
Under sustained low flows, problems of reduced habitat suitability, raised water 
temperatures, enhanced algal growth and fine sediment  buildup are likely to occur in 
the river, while short to medium terms impacts on seagrass and algae in the estuary 
are likely to occur. 
 
Any changes to the operating schedule of the Meadowbank dam which impact on the 
pattern of within daily flows, or of mean daily flows, should require formal review 
under the Hydro water licence and/or any relevant DPEMP process. In fact this 
applies to any major component of the Hydro Derwent catchment system. These 
reviews should consider potential for environmental effects on riverine and estuarine 
values. 
 
It is strongly recommended that no further reduction to the minimum within daily 
flows occur, if the existing pattern of flow fluctuation is maintained. In addition, 
shutdown events must be accompanied by releases/spills which maintain the required 
minimum environmental flows. 
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5.4 Overall minimum EF regime - recommendations 
Overall, the minimum risk flow scenario derived for the lower River Derwent 
provides a minimum flow regime that is adequate for the maintenance of key values 
in the upper Derwent estuary.  
 
The moderate to high risk scenario fails to provide adequate protection against loss of 
macroalgae and further decline in benthic water quality and resulting habitat 
suitability for macroinvertebrates and fish, and potentially against loss of Ruppia 
(though this would require conformation). In addition the moderate to hish risk flow 
scenario fails to protect against raised phosphate levels, which combined with low N 
and turbulence at low flows in summer-autumn, may raise the risk of cyanobacterial 
blooms in both the upper and mid-lower estuary. 
 
Our overall assessment is that the minimal risk minimum flow scenario derived for 
the river also provides a minimal risk flow scenario for the upper estuary. 
Accordingly, the minimum EF flow regime shown in Table 5.6 is seen as providing 
the best option for both river and estuarine sections of the lower Derwent.  
 
The moderate risk flow scenario (in Table 5.4) is also seen as providing potential for 
moderate risk to some values in the estuary. Adoption of this scenario should only be 
considered following more detailed investigations. 
 
We also strongly recommended: 
• no further reduction of the minimum within-daily flows released form 
Meadowbank Dam and power station if the existing pattern of flow fluctuation 
is maintained; 
• that power station shutdown events must be accompanied by releases/spills 
which maintain the required minimum environmental flows. 
 
 
190 
 
 
 
 
Table 5.6. Recommended minimum environmental flows for the lower 
Derwent which provide minimal environmental risk (as mean daily 
flows for each month, in cumec). 
 
 
Month Minimal Risk
Jan 50
Feb 50
Mar 50
Apr 61
May 71
Jun 91
Jul 102
Aug 102
Sep 102
Oct 102
Nov 82
Dec 66
Annual 
Median 76.5  
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Chapter 6. Environmental High and Flood Flows  
6.1 Introduction 
Davies and Kalish (1994) identified the major changes in flood flows in the lower 
Derwent by comparative analysis of flows in 10 year periods of record in the 1940’s 
(before Hydro development) and in the 1980’s (under the existing flow regime) in the 
Derwent and the lower Huon (as an unregulated control). They were able to 
differentiate changes caused by Hydro regulation from natural, climate driven changes 
between the two time periods. 
 
They estimated that Hydro regulation had caused a reduction in the frequency of 
intermediate floods of ca 200 to 500 cumec by 70%. Flood flows of 5 days duration   
and > 250 cumec magnitude were reduced in frequency by 72%, while those of < 150 
cumec magnitude were not significantly altered in frequency.  
 
Davies and Kalish (1994) identified > 200 cumec floods of ca 5 days duration as 
being required to ‘flush’ the estuary of low DO salt wedge water and re-establish a 
fully oxygenated salt wedge. Parslow (Chapter 4 and pers. comm.) indicates that low 
DO conditions become re-established in the salt wedge during subsequent low flows 
within a period of 1-2 weeks. This, combined with the prolonged duration of low DO 
conditions in the salt wedge for much of the year under median and lower flows, 
suggests that the benefits of such ‘flushing’ floods may be limited. However, larger 
floods (> ca 500 cumec) are known to mobilize and transport fine organic and 
inorganic sediment from the upper estuary channel and channel margins (as occurred 
in the ‘Derwent Sludge’ incident in 1989), and may serve a more substantial 
beneficial role in maintaining estuarine morphology. 
 
The role of flood events in maintaining the river channel downstream of  
Meadowbank Dam requires further, detailed investigation, Telfer (Chapter 2) 
indicates that the observed tributary rejuvenation is likely to be a result of a ‘mis-
match’ between peak flow timing in the tributaries and the main river as a result of 
Hydro regulation. The magnitude of flows required to prevent this occurring could not 
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not be determined in this study. They are, however likely to be large (ie approaching 
‘bankfull’). Restoration of such floods at an increased frequency would require major 
management interventions within the Hydro system. Further detailed reconnaissance 
of the severity and impacts of tributary rejuvenation would be required prior to 
recommending such actions. 
 
The magnitude of flood flows required to mobilize channel substrates were not 
determined in this study, again due to limited resources. The prevalence of substantial 
bed armouring and sub-surface siltation imply that there is an ongoing impact from 
changed flood frequencies on instream sediment dynamics, compounded by sediment 
starvation due to the capture efficient of Meadowbank (and upstream) dams. This 
effect may be partially responsible for the biological impacts on macroinvertebrate 
observed here.  
 
Overall, there is a need to restore some degree of the natural flood regime within the 
lower Derwent in order to maintain instream values through: 
• periodic coarse sediment mobilization in the river;  
• biofilm flushing in the river; 
• fine sediment flushing and transport in the river and estuary; 
• channel form maintenance in the river and estuary channel; 
• wetland form maintenance in the estuary. 
 
6.2 An environmental high flow regime 
Examination of historical and modeled changes in the flood regime of the river 
implies that annual flood magnitudes of: 
900 cumec for a 1 day event; 
410 cumec for a 5 day event; 
375 cumec for a 10 day event; 
occurred prior to Hydro development. Floods > 500 cumec in magnitude occurred 
approximately twice a year on average pre-Hydro. Flows > 200 cumec in magnitude 
occurred approximately 7 times a year on average pre-Hydro.  
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These have reduced to  around: 
450 cumec for a 1 day event; 
250 cumec for a 5 day event; 
200 cumec for a 10 day event; 
following-Hydro development. Floods > 500 cumec in magnitude occur 
approximately once every 3 years on average post-Hydro. Flows > 200 cumec in 
magnitude occur approximately once every 6 months on average post-Hydro. 
 
6.2.1 Annual high flow event 
The annual flood (the median annual flood) is generally regarded as being close to the 
bankfull maintenance flow (Linsley et al. 1988), a relationship which also holds for 
Tasmanian rivers (eg  Knighton 1987). This implies that floods of the order of 
magnitude of 400-500 cumec and several days’ duration should be restored to the 
Derwent on an annual basis for the purposes of sediment transport, minor channel 
maintenance and flushing in the river channel and estuary. A significant body of work 
is still require however, to assess the required magnitude of such an annual flood in 
terms of sediment transport in the river and estuary, to assess risks of environmental 
harm eg in relation to risks of bank erosion in geomorphic zones 2, 3 and 6 – see 
Chapter 2), and to assess the cost-benefits for the Hydro system in the Derwent 
catchment. The practicalities and timing of managing the Derwent Hydro system to 
sustain a ca 400 cumec flood for more than one day (the current duration under the 
flow regime) would also need detailed review. 
 
6.2.2 Flushing flows 
A significant reduction in mean daily flows > 150 cumec is evident from comparing 
the with and without Hydro flow records (see Chapter 1, Davies and Kalish 1994). 
Movement of the salt wedge within the estuary is seen as a natural part of the system, 
and short term temporal patterns of variation in salinity and DO may be important for 
maintaining aquatic plant and faunal communities. In addition, some ameliorative 
action  from periodic flushing or ‘ventilation’ of the upstream ‘toe’ of the salt wedge 
with 200 – 250 cumec flows may be beneficial for benthic macroinvertebrates.  
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Ongoing fine sediment and biofilm flushing is also required to maintain existing 
aquatic faunal and fishery values within the lower Derwent channel.  
 
Accordingly, the restoration of  200-250 cumec flow events at a frequency between 
the current once every 6 months and once every 2 months should be evaluated. The 
transient modeling results for flow scenario 6 (50 cumec followed by a 200 cumec 
flood and return to 50 cumec, Chapter 4, Figures 4.2.77 and 4.2.79) confirms Davies 
and Kalish’s (1994) initial conclusion that a duration of ca 4-5 days is required for a 
200-250 cumec flow to flush/ventilate the salt wedge and restore high DO throughout 
the upper estuary. 
 
Once again, the implications and practicality of delivery from the Hydro system need 
to be assessed.  
 
6.2.2. Recommendations 
We recommend the restoration of a component of the pre-Hydro high flow regime for 
environmental purposes. The potential for delivery of two main high flow elements 
should be explored as a matter of priority: 
 
Annual channel maintenance high flow event of ' 400 to 500 cumec and ca. 5 days’ 
duration, during winter-spring; 
 
Flushing flow events of ca 200 – 250 cumec and ca. 4-5 days’ duration, at ca. 2 
monthly intervals. 
 
Further studies will be needed to establish: 
• the detailed magnitude and frequency of these floods; 
• the environmental benefits and risks (particularly for the annual flood); 
• the impact on and opportunity for delivery from the Hydro system; 
• the impact on water delivery/security for downstream users (including new 
abstractions). 
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It should be noted, that the total quantum of water required to be allocated to these 
high flow events over and above the existing flow regime amounts to some 10 – 12% 
of the total annual water yield from the lower Derwent. This could be within the 
operating margins for the Hydro Derwent catchment scheme, but management of flow 
delivery would require careful review, including opportunities for reallocating winter 
storage. Obviously, delivery of these flows may also impact on opportunities for 
downstream abstraction if the proposed minimum EF regime is to be complied with. 
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Chapter 7. Conclusions and Recommendations 
The interim recommendations for the lower River Derwent are for the ‘minimal-risk’ 
(Band I) minimum environmental flow to be the minimum mean daily flow below 
which abstraction should not be permitted without running a significantly enhanced 
risk of environmental impact over and above existing impacts.  
 
Inspection of this plot, as well as: 
• the closeness of high and low risk flows during January to April (Figure 5.3);  
• the fact that the 20 percentile flow line falls below the minimal risk flows 
during January to April  (again, Figure 5.3); 
• the fact that there is likely to be a greater seasonal sensitivity in estuarine 
biological responses to low flows during summer-autumn (Parslow pers. 
comm.); 
brings us to recommend that there be no further active abstraction from the Derwent 
through the months of January to March inclusive.  
 
Hence, all new abstraction should only occur during the months May to December 
inclusive, in order to avoid the risk of further environmental impact on the lower 
River Derwent as a result of abstraction. 
 
The implications of increasing any abstractions from minimal risk to moderate risk 
are potentially significant and must be explored in detail if they are to be adopted. 
However, we recommend that they are not adopted. 
 
7.1 EF Regime 
In summary, the recommended EF regime for the lower Derwent in order to maintain 
existing environmental values is: 
1. A set of minimum environmental flows (to be delivered at Bryn Estyn)  
which consist of mean daily flows not falling below 71, 91, 102, , 82 and 66 
cumec in May, June, July-October, November and December, respectively. 
2. An annual channel maintenance high flow event of ca 400 – 50 cumec and 
ca 5 days’ duration; 
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3. A regular flushing flow events of ca 200-250 cumec and 4-5 days’ duration. 
We also recommend that: 
4. no further abstraction take place in January – April, in order to avoid risks of 
further decline in riverine and estuarine environmental values. 
 
7.2 Further studies 
A number of further studies are required to further refine these recommendations, and 
as part of ongoing development of a water management strategy for the lower 
Derwent. These are as follows, with high priority studies marked with a star: 
7.2.1 Biological 
• an assessment of the light tolerances of the dominant macrophytes in the upper 
estuary, particularly Ruppia, in order to more accurately assess responses to the 
flow regime; 
• a survey of snag habitat and assessment of its sensitivity to exposure at varying 
flows; 
 establishment of a quantitative riverine fish and macroinvertebrate monitoring 
program to assess compliance with management objectives for the river. 
 
7.2.2 Geomorphological 
 relationships between sediment transport and sedimentation and channel and 
wetland form of the Derwent River estuary should be established. This should 
include an evaluation of changes in sediment transport and budgets caused by 
Hydro dams and catchment landuse changes. 
 a geomorphic characterisation of the Derwent estuary is required, focusing 
initially on historical and flow-drive changes in channel and wetland form, and the 
potential for aggradation/degradation. 
 a long-term commitment to monitoring the effects of the flow regime on key 
geomorphological characteristics of the river and estuary should be established as 
a priority. 
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 a detailed assessment of bank erosion processes in the river is required (eg in 
Zones 2,3 and 6), in the manner conducted for the Gordon Basslink assessment. 
This should include an assessment of the role of willows in bank processes. 
• a detailed assessment of the magnitude, location and severity of tributary 
rejuvenation in the lower Derwent is required, and should identify the flow 
sequences which instigate and or sustain rejuvenation and management options to 
control it. 
 a detailed assessment of the environmental risks and benefits of an annual channel 
maintenance flows should be conducted, and the magnitude and duration of such a 
flow defined quantitatively. 
 
7.2.3 Model-based assessment 
 development of a sediment transport and fate model within the estuarine modeling 
suite developed by CSIRO Marine Research should be seen as a priority. 
 
We recommend that an integrated program of these studies should be developed and 
coordinated so that it is completed, and monitoring instigated, within the next 3-5 
years. 
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